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The One Best Life at Eighty: Dr. Lillian M. 
Gilbreth and the Unceasing Quest 


by WILLIAM J. JAFFE 


ecole VM ngine ring. Ne werk C ‘colle | ering 


Arremptixe to pay homage to Dr. Lilhan M. 
Gilbreth by merely listing her biographical data—born: 
Oakland, California, May 24, 1878; B.Litt. (1900) and 
M.Litt. (1902), University of California; Ph.D. (1915), 
Brown University, ete., ete.—would at one and the same 
time be both exceedingly lengthy and woefully imade- 
quate, In the first place, aliost evervone, from the movie- 
goer through the engineer, both here and abroad, knows 
about many of her accomplishments. They can recite 
many facts about the wonderfully rich life of all of her 
family, the work in motion study, the fight for the elimi- 
nation of fatigue, the contributions made to the work-a- 
day lives of the disabled and the cardiac, the applications 
of psvehology and physiology, the analyses in the form 
of process charts and micromotion studies, the professer- 
ships at Purdue, the University of Wisconsin, and the 
Newark College of Engineering, the honorary member- 
ships and fellowships at the American Institute of Indus- 
trial Engineers, the American Society of Mechanical 
Engineers, the American Management Association, the 
American Home Economies Association, the Society for 
the Advancement of Management, the British Institute 
of Management, the Engineering Institute of Canada; 
the awards in the form of the Washington Award, the 
Gantt Medal, the Wallace Clark Award, the Award of 
the National Institute of Social Seiences, the Gilbreth 
Medal, the dozen or so honorary degrees, and the many 
more matters with which she has been concerned in her 
“Quest for the One Best Way.” Furthermore, there are 
few libraries, in even the smallest hamlet in the most 
remote part of the world, that cannot boast at least a 
copy of her children’s books, the Spriegel and Myvyers 
collection of the Gilbreths’ writings, Yost’s biography of 
her partnership, and maybe her very own The Quest 
of the One Best Way. In addition it would be im- 
possible—and she would be the first to say so—to 
write about her without referring to the partnership that 
began on a June day in 1903 in the Library of the City 
of Boston, But, most important, putting Dr. Gilbreth’s 
career—tuch less, her vibrant foree and stream of move- 
ment—as a mere listing would be as meaningful as a 
newspaper photograph of a colorful and rhythmic ballet 
performance 

Perhaps it would be best to allow Dr. Gilbreth’s own 
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literary stvle set the scene: cr 

Montclair’ Who can desernbe its beauties on a June morning 
with the pink flowers im full bloom; the hlacs just begining 
to go; the hhes of the vallew still beautiful: with the rhododen- 
drums just begining to come out and the ins. purple and white; 
with the wieterm on its full glorv; the lawns velvet carpets and the 
beautiful trees evervwhere; with the summer sunshine pourme 
down and the Sunday quiet over evervthing? It wm a dream of 


If we may move the vear to 1924, we would note that 
the Gilbreth family was in full swing of its customary 
planning. On June 13, one of the cluldren would graduate 
from high school—to be followed by an ice cream party 
that evening and Class Day on the 14th. And, in less 
than one week, the two partners, Frank and Lillian, 
were to sail on the Seythia with a party of engineers 
to present papers at the World Power Congress in Lon- 
don and the International Management Congress in 
Prague. Of course, during this week, too, the children’s 
schools were to close for the summer, the children settled 
at Nantucket, and the many other matters settled. And 
x0 the telephone call eame—Major Gilbreth ealling from 
a booth at the Lackawanna Station in Montelair—and 
Dr. Gilbreth answered. As she has written, 

Suddenly, on June 14, 1924, Frank went, not abroad, as he had 
planed, but “West.” as soldiers go 


But this brought to an end only the physical aspects of 
the partnership—the marriage with the “non-skid wed- 
ding ring,” the working association, the mutual love, 
understanding, and admiration. But The Quest went 

The writers of the popular Cheaper by the Dozen 
remarked about “the change in Mother.’ Decisions, which 
had first been made for her by her parents and then by 
her husband, were a thing of the past. Her fears “of fast 
driving, of airplanes, of walking alone at night” were 
gone. She was unafraid and could not be upset, “because 
the thing that mattered most had been upset.” 

On Major Gilbreth’s death, the Family Council, as 
always, met. Matters were decisions 
reached. According to his wishes, his brain went to 
Harvard, for, after all,in his usual humorous but serious 
manner, he had written previously to Myrtell Canavan, 
the Boston brain specialist: “My hat is seven and three- 


discussed and 


The Journal of industrial Engineering 155 


eighths, in case you want to get a jar ready.” But his 
request that his ashes be scattered near the house was 
denied, and Lillian Gilbreth, with the bravery and cour- 
age that are hers, was rowed out in a boat, and she her- 
self scattered her beloved husband’s ashes into the cur- 
rents of the waters surrounding New York. The children 
were to remain in school, and she was to “further Frank’s 
work.” She began by going abroad and reading the papers 
at London and Prague. 

A typical expression of her feelings, modesty, and 
ambitions, appears in 4 short note which she wrote from 
Nantucket on August 28, 1924, to Professor William &. 
Ayars, who, before coming to Columbia University and 
while on the faculty of the Nova Scotia Technical In- 
stitute, had attended the Gilbreths’ Summer School in 
Scientific Management at Providence in 1912: 

Thank you so much for your letter. It has just reached me, for 
I’m just back from two months abroad... . 

Your letter gives me new courage. I do so want to carry on all 
Frank’s works and plans. It helps me to know that you believe 
I can. 


Her success is well known, but, in her plan for the 
future, it was her family that came first. In the biogra- 
phy of the partnership, Edna Yost alludes to a comment 
made by Dr. Gilbreth who had started, but could not 
finish, a biography of a well-known archeologist because 
of the demands he had made on his son: “What is it, 
in some people, that permits them to treat children as 
something they own?” The reaction of the Gilbreth chil- 
dren to her efforts is best expressed in the Dedication in 
Cheaper by the Dozen: 

TO DAD 
who only reared twelve children 
and 


TO MOTHER 
who reared twelve only children. 


Relatively speaking, so many of us have come so re- 
cently into the field that, as we watch this gracious lady 
at an engineering conference and observe the respect and 
attentiveness that she receives, we either do not know or 
do not realize that she did not attain this high status 
automatically. 

Thus, despite such recognition that Alford gave the 
Gilbreths’ and motion study in his 1922 ASME report 
(Ten Years’ Progress in Management) and the honors 
afforded by the old Society of Industrial Engineers and 
the Masaryk Academy, the Gilbreths’ work had much 
less than universal appreciation. For example, so well- 
known and widely distributed a classic as Hunt’s Sci- 
entific Management since Taylor, in 1924, failed to give 
any space to the Gilbreths, to motion study or even to 
the process charts. Moreover, it was not until 1930, that 
the Engineering Index stopped listing “Motion Study” 
under “Time Study.” 

Clearly, her position did not come easily. Of course, 
there were two of them for about a quarter of a century 
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—but for an even longer time, he was only at her side 
spiritually. 

What was it that originally made Lillian Gilbreth so 
unacceptable? Her ideas? Her sex? Individually and 
collectively, they were both matters of great concern for 
many years to an immature industrial society and its 
masculine mentors. 

Although she earned a Ph.D. from Brown, a few years 
earlier, when she had submitted her thesis on “The 
Psychology of Management” to the University of Cali- 
fornia she was informed—contrary to her original under- 
standing—that one year of residence was necessary. Her 
busy life and responsibilities prevented this. However, 
her husband, feeling that the work was of such impor- 
tance that no time should be lost in getting it into print, 
soon discovered that few publishers saw any market for 
such subjects—especially as written by a woman. The 
magazine, Industrial Engineering, did publish it under 
the then none-too revealing name of “L. M. Gilbreth.” 
Later Sturgis and Walton brought it out in book form 
with the author’s name in the same “eryptic” form plus 
the understanding that no publicity was to be given to 
the fact that the author was a woman. 

If, even today there is unfortunately an incomplete 
acceptance of women in all engineering roles, what must 
it have been then? Invited to be among a group of engi- 
neers to greet Baron Shiba at the University Club in 
New York, Dr. Gilbreth cut short a business trip——only 
to be stopped at the door by a uniformed doorman. 
Again, as a member of an ASME committee, which was 
to meet for breakfast at the Engineers Club, it was sug- 
gested that she get her breakfast elsewhere. 

Nevertheless, influenced by her husband's great respect 
for ASME and by friends like Wallace Clark, she did 
not confine herself to management and industrial engi- 
neering circles. Consequently, when ASME’s Manage- 
ment Division, in 1935, asked her to conduct the first 
session on “The Psychology of Management” at the 
Engineers Club, she accepted and was met at the door 
by Clarence Davies who warmly ushered her into that 
masculine sancta sanctorum. 

A willing pupil of her husband, she was led from the 
terminology used in masonry and concrete work to the 
study of motions. As much as he inspired her, she in- 
spired him. Thus, the “cyclegraph” came when she could 
not visualize breaks in the rhythms of the curves. But, 
on the other hand, it was she who made him more keenly 
aware of the human element. It was she who took the 
teaching lead when her opinions on human nature differed 
from his, and it was she who opened the huge psycho- 
logical storehouse. It is certainly not easy to say who 
inspired whom and what reinforced what: Newton's 
Third Law is quite expressive of this mutuality of forces. 
The result, however, was unmistakable: the Gulbreth 
achievement was more than a mere development of mo- 
tion study as a management tool. While Taylor looked 
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at the worker from the outside, the Gilbreths also looked 
on the inside. Their search for “The One Best Way” 
Was not limited to motions and it was not confined to 
the industrial plant. They called on psychology, on 
physiology, and on all the social studies to help increase 
the worker's worth to himself, to industry, and to society. 
In the broadening of the aims and accomplishments of 
management, it was Lillian Gilbreth who took the lead 
in this virgin field. 

It is both easy and difficult to analyze this First Lady 
of Engineering. She is the epitome of ervstal-clear logic 

even though she seems to be a mass of contradictions 
Trained im literature, she has found her place in engi- 
neering. As an engineer, she has found people more im- 
portant than machines; waging a never-ending war on 
fatigue, one, watching her unceasing rounds of work, 
activity, and travel, ean rightfully beheve that she has 
created a non-existent foe. An extremely busy woman, 
she seems to have more time for more things than most 
people. And, as kind and as gentle as she is, she can don 
armor and do more than hold her ground in defending 
the right 

Indicative of her skill, courage, and fidelity is the 
staml she took during the schism that arose between 
motion study and time study. Because time has dulled 
the differences of opinion, because she played no little 
part in setting the facts straight, and because no ac- 
count of the Gilbreths can avoid it, a brief mention of 
it must be made here. 

Although Frank Gilbreth was a keen 
Tavlor’s genius, he was enough of an individualist to 
take pride in his own progeny, especially when Taylor, 
in a single swoop—see, for example, Taylor's Principles 
of Scientific Management, pp. 80-1—identified motion 
study with time study. Besides, the Gilbreth work had 
been done “without the direction of Taylor,” it had been 
performed without the aid of Taylor's “direet disciples,” 
and it had been conducted along “slightly different lines.” 
Then there were numerous irritations. For example, at 
Birmingham, in 1910, Gilbreth felt that Taylor had made 
some mistatements which he thought would be corrected 
when they appeared in print. Not only were they repeated 
but, instead of Gilbreth’s statement that he would sub- 
mit a paper on the subject, the reeord said that he “had 
nothing to add.” As early as 1898, Gilbreth was shocked 
on watching one of Taylor's “disciples” who appeared 
on one of his construction jobs and started to time men 
without any consideration for “The One Best Way.” Of 
course, the secret timings, which Tavlor himself later 
regretted, were scorned by Gilbreth from the beginning. 
Despite his excellent relations with the unions, Gilbreth 
took his place on the side of scientific management and 
reaped some of the whirlwind that was probably directed 
at Tavlor. Gilbreth was very unhappy, too, when Taylor 
onee relegated the role of micromotion studies to in- 
vestigations in which one might be interested only in 
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“the minutiae of motions.” Certainly Gilbreth could not 
understand the ery of “expensive” when he felt that so 
little attention was paid to the economies that it could 
produce. And there were other instances. 

Through it all, Lillian Gilbreth stood at her husband's 
side, but she insisted that their work go on. However, 
Major Gilbreth did deliver a paper on “Time Study and 
Motion Study as Fundamental Factors in Planning and 
Control"”—to which he added the subtitle “An Indictment 
of Stop-Watch Time Study”—at the Taylor Society. The 
Bulletin of the Taylor Society also accepted Lillian Gil- 
breth's “The Relations Between Time Study and Motion 
Study.” But the general recognition of the work of the 
Gilbreths was slow. Even the process charts, in spite of 
ASME’s publication of them, went unrecognized for a 
long time. As a matter of fact, the Taylor Society's 
Bulletin, in printing an obituary of about a hundred 
words on Frank Gilbreth, spent only three in describing 
him (“Engineer, Investigator, Author’). It gave his 
dates (July 7, 1868-June 14, 1924), but it devoted the 
remainder of the article to the fact that it' was Gilbreth 
who had the idea of establishing an “organization to 
perpetuate .. . (Taylor's) work.” 

But Frank Gilbreth, on the other hand, needed no so- 
ciety to commemorate him. Without deprecating Taylor, 
his genius and accomplishments, when he died, he left 
some writings and a fast dwindling group of disciples 
who worked under him. Frank Gilbreth, on the other 
hand, left a vital philosophy plus the living monument 
that is Lillian Gilbreth. In “furthering Frank's work,” 
she, if we may borrow from the sonnet she wrote com- 
memorating Gantt, devoted herself to 

& Cause... 
The winning of a New Industrial Day. 

And so Lillian Gilbreth has taken The Quest through 
factories, stores, colleges, and societies throughout the 
world. And all this—without flourish, noisy fanfare, or 
publicity. According to Edna Yost, as recently as 1945, 
when the Chicago 8. A. M. Chapter released some of 
the films that the Gilbreths had made, people of such 
import as David Porter, Ralph Barnes, and Allan 
Mogenson soon discovered that some of the work they 
had done was actually a duplication of what the Gil- 
breths had done many vears before. Her friend, Marie 
Sealy, who did so much in the retailing field, still speaks 
fondly of Dr. Gilbreth’s “|nstitute in which she trained 
representatives from industry in motion study and the 
Gilbreth Philosophy of Management.” These endeavors 
were abandoned only when, their mission accomplished, 
the engineering schools took over. As for her travels, to 
quote Miss Sealy, again, “even the Internal Revenue 
District knows of it, for they questioned her traveling 
expenses but were easily convinced when they saw her 
airplane ticket records.” As for the help she gives friends, 
acquaintances, and, to speak personally, doctorate candi- 
dates, there does not seem to be any limit. 
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A very meaningful tribute was paid to her by Professor 
Joseph A. Rich, Jr., who was a member of the Depart- 
ment of Personnel Relations she chaired at the Newark 
College of Engineering. “Each week, no matter how 
busy, she would sit down with every member of the 
department, discover the disturbing problems, if any, and 
offer mutual understanding and solutions. In the person- 
nel field, she was almost unique; she practiced what she 
preached!” 


Mrs. Wallace Clark said that last year, in Wuppertal, 
West Germany, Dr. Gilbreth conducted a ten-weeks man- 
agement seminar in German at the Technische Akademie. 
She “blew out the 79 candles on the cake in the home of 
the Chairman of the Board of the Akademie.” This year 
the Metropolitan New York Chapter of AILE is proud to 
be host at one of her eightieth birthday celebrations. 

However, one does not have to attend or wait until the 
cake is cut to make the wish: “Many Happy Returns!” 


Hyperenthusiastic and Hypercritical Writings 
on Predetermined Motion Times 


by EDWARD V. KRICK 


Assistant Profe be part ment of Industrial and Engine ring Administration. ‘ raily 


Too many authors on the topic of predetermined mo- 
tion times may be classified on the basis of the points of 
view they express as either hyperenthusiastic or hyper- 
critical. The hyperenthusiasts make liberal use of such 
words and phrases as “‘accurate,”’ “they work,” “provide 
true standards,”’ “eliminate judgment,’’ and similar as- 
sertions. Their articles frequently are ‘‘success stories,”’ 
describing the rosy situation brought on «by installation 
of a particular predetermined motion time system. Their 
evaluations of the technique usually lack objectivity in 
that they report a biased picture of their experience with 
predetermined motion times, or fail to cite important 
assumptions, pitfalls, and known or potential sources of 
error. Their evaluations reflect a strong enthusiasm which 
appears highly subjective in origin. 

Writings of the hypercritics may be identified by such 
quotes as “dangerous to use,”’ “be wary of such stand- 
ards,” “‘meaningless,”’ ‘‘an impossibility,”’ “little predic- 
tive value,” and “invalid.’’ Their articles frequently de- 
scribe one or several studies which indicate that errors 
(of an unestimated magnitude) will result if standards are 
set with a predetermined motion time technique, then 
proceed to generalize that the technique should therefore 
be avoided. Their evaluations of the technique lack ob- 
jectivity, but in this case in the form of failure to weigh 
the practical consequences of unjustified assumptions, 
failure to recognize certain unique advantages offered by 
the technique, failure to compare the probable error with 
that of alternative procedures rather than with an ab- 
stract and unobtainable level of perfection, or failure to 
adhere to accepted methods of inference. Their evalua- 
tions reflect pessimism and impracticalism, and at times 
they become as subjective in their statements as their 
counterparts. 
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SOME CLAIMS MADE BY HYPERENTHUSIASTS 


The term scientific is a byword among ardent propo- 
nents of the predetermined motion time technique, and 
although the matter is not of serious practical conse- 
quence, the frequency with which this word is misused 
tempts some comment. Description of this technique as 
scientific is justified if the system has been developed ac- 
cording to a certain set of rules conventionally followed 
in the derivation of knowledge. These rules require such 
procedures as the formulation and testing of hypotheses, 
collection of sufficient amounts of data, the making of 
inferences, statement of assumptions, estimation and 
statement of experimental error, full disclosure of all of 
these, etc. No evidence is available to support the con- 
tention that any current predetermined motion time 
system was so developed, and that any of them have been 
is highly doubtful. Of course, it is not necessary that such 
a technique be scientific in order to produce satisfactory 
results. 

Proponents frequently describe the predetermined mo- 
tion time technique or a particular system of same as ac- 
curate, Accuracy, however, is a matter of degree, it is not 
bilateral. What a particular writer may mean by the term 
accurate is any one of a large range of degrees of exactness, 
depending upon his ability to judge this characteristic 
and upon the stringency of the standard he uses for 
judging it. Therefore, by itself ‘‘accurate’”’ is an indefinite 
term. Without qualification it should not be taken seri- 
ously by the reader. 

Perhaps more important than this careless and mis- 
leading use of the term accurate, is the problem of the 
measurability of accuracy. Accuracy is. the degree of bias 
contributed by a measurement system to the estimates it 
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produces.’ To estimate accuracy, it is necessary to know 
the true value, or at least have a technique for estimating 
it that is “‘more accurate’ than the one we are evaluating. 
If there is a technique that is known to be “more accurate” 
than predetermined motion times, what is it and how do 
you know that it is more accurate? In the answer to this 
question lies the reason why comparison of estimates de- 
rived from predetermined motion times with rated stop 
watch times does not justify a statement about accuracy 
of either technique. 

A statement or implication that the predetermined 
motion time technique or a particular system “works 
well,” “works,” or “works satisfactorily” is quite indefi- 
nite and subjective. There are a number of reasons why a 
statement of this kind should not in general be taken seri- 
ously. Forinstance, industrialenvironments differ radically 
so that what “works” in one situation may not in another. 
Furthermore, we can hardly expect a.salesman or user of 
predetermined motion times to write about the cases in 
which it didn’t work! And too, the statement “works 
satisfactorily’ has littl meaning unless we know the 
criteria used in arriving at that opinion. Since the decision 
involved here is primarily subjective and the factors de- 
ceptive, it is quite possible that what is judged satis- 
factory by one user may not seem at all so to others, For 
example, some merely want something that works in the 
sense that there is a minimum of friction and that life is 
peaceful and simple, and so they are easily satisfied. Those 
few writers who do describe their criteria cite some rather 
unsound bases for reaching the conclusion they have. To 
illustrate: 

a. Extensive savings through improved methods are claimed 
to result from installation of a predetermined motion time system. 
Yet, some portion of this saving has resulted merely because at- 
tention has been given to work methods in the process of applying 
the <Cstem. attention which could be given without the benefit 
ola predetermined motion time system. There is good reason to 
suspect that this portion is appreciable, expecially in view of some 
of the examples that writers lave deseribed to illustrate how the 
technique has been “responsible” for better methods, 

bh. Standards set with a predetermined motion time system 
are claimed to compare favorably with prevailing standards in 
the company or with a group of standards specially set by another 
method (usually stop watch time study) for purposes of compari- 
son. Yet it cannot be denied that considerable judgment and in- 
terpretation are required in the selection and classification of 
motions under any of the current svstems, and that it is quite 
possible, in fact very easy, to permit previous time study ex- 
perience to influence these selections and classifications to the 
point where favorable agreement between the results is obtained. 
Thus, though perhaps unintentionally, the results of the two 


methods can be made to compare satisfactorily. The extent to 


which this practice takes place would probably come as a sur- 
prise to some. Even if the results of the two methods do actually 
agree closely, this means no more than just that. But why expect 
agreement? Stopwatch time study has an objectionable error 


' As opposed to precision, which is the variation contributed 
to the measurements by a measurement svstem. Also referred to 
as the reproducibility of a measurement, 


May—June, 1958 


associated with it, so how can any method that agrees with it be 
any less in error? When and if a more accurate and precise system 
does come along, will we reject it if the results do not agree with 
stop watch time standards? 

«. It is stated or implied that emplovees seem more satisfied 
with the new system. However, the absence of employee com- 
plaints is not necessarily an indication that the standards are 
accurate, 


Another source of weakness in almost any statement 
about how well a work measurement method works is the 
difficulty involved in satisfactorily estimating the degree 
of error present in any standard or group of standards. 
The limitations of attempting to estimate this by com- 
paring times set by two different methods, predeter 
mined motion times and stopwatch time study for exam- 
ple, have already been discussed. Another practical alter- 
native is to use the actual performances of operators 
working under the standards as the basis for evaluating 
the error. This is commonly done by observing the ratios 
of “actual to standard” and noting evidence of tightness 
and particularly of looseness. Aside from the philosophical! 
flaw in such a procedure, is the fact that actual output 
under a time standard is strongly influenced by the stand- 
ard itself. In the case of loose standards at least, em- 
ployees tend to maintain a ratio between actual rate and 
standard rate of output which they believe is expected by 
the company, by judicious regulation of their output. 
Thus, loose standards are made to appear satisfactory. 
Therefore, basing a conclusion as to the satisfactoriness of 
a set of standards upon the number of tight standard com- 
plaints and high earnings cases is an unreliable procedure. 

The claim that use of predetermined motion times 
eliminates judgment from the process of setting time 
standards is completely unjustified. In fact the total 
judgment demanded may not be any less than that exer- 
cised in stop watch time study. It seems, however, that 
the judgment required in application of a predetermined 
motion time system occurs in the form of many decisions, 
each of which by itself is of less consequence than selee- 
tion of a rating factor. Whether or not this reduces the 
net effect of judgment in application of such systems ap- 
parently depends primarily upon the degree to which the 
applicators are biased. 


SOME HYPERCRITICAL CLAIMS 


The viewpoint of these authors seems to be that the 
technique should be avoided, or that its usage should be 
drastically curtailed. Such conclusions are sometimes 
based upon some research concerning a particular as- 
sumption, or a comparison of systems. A popular subject 
for these investigations is the effect of the context of a 
motion on its performance time. If the particular as- 
sumption is shown to be violated, the writer usually 
proceeds to make the generalization that such systems 
“are dangerous to use,”’ “invalid,”’ “‘meaningless,”’ ete. 
There are several flaws in this generalization process. 

First, these investigators usually study one task with 
one or several subjects. Statistical significance under 
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these circumstances is not sufficient to justify the gen- 
eralizations made. Before extending findings beyond the 
particular task and subjects used, other individuals and 
tasks must be studied because differences in results are 
expected among them. 

Second, these investigators are usually content with 
testing a hypothesis, for example, that a motion time 
depends upon its context. If this hypothesis is accepted 
as is usually the case, they proceed to make a drastic gen- 
eralization such as the claim “dangerous to use.’ But 
there is no doubt that the times for some motions depend 
upon the nature of other motions in the task. The rele- 
vant question to be answered is fo what extent do motion 
times depend upon their contexts? We are interested in 
an estimate of the error resulting from the effect of con- 
text on motion times, not merely in whether or not there 
is an error. This technique cannot justifiably be con- 
demned for violation of an assumption when the extent 
of the violation is unknown. 

Third, these investigators fail to estimate the practical 
consequences of violation of the assumption before they 
condemn the system. Granted the context of a motion in- 
fluences its performance time, but what error does this 
ultimately cause in time standards estimated by this 
technique? Even knowing to what extent context may be 
expected to influence a motion time does not tell us what 
the net effect is on the standards obtained, for two 


reasons: 


a. As a consequence of this error, for a particular task it is 
probable that the standards for some motions will be tight and 
others loose. The probable net effect is that the expected error 
(due to this cause) of the cycle time estimate will be less per- 
centage-wise than the expected errors of the individual motions, 
because of some compensation. This should not be construed as a 
statement that the error is thus eliminated or rendered negligible. 
The point is that this is a likelihood which authors are responsible 
for investigating before they make their condemnation. 

b. It is quite possible that some of the effects of context may 
be accounted for in the structure of a predetermined motion time 
system. This may make the system more cumbersome to apply, 
but the possibility certainly exists and is not unreasonable. 


Fourth, and probably most obvious, is that these au- 
thors attempt to condemn the technique on the basis of its 
own error without evidencing recognition of the practical 
problem facing management, which must have time esti- 
mates to operate successfully. Currently there are avail- 
able a number of methods of estimating time standards: 
purely subjective estimates, production records, work 
sampling, stop watch time study, predetermined motion 
times, and macroscopic standard data. Each of these has 
a sizeable inherent error, yet no method is arbitrarily 
rejected because of this. Clearly the problem involves 
comparison and selection from a number of imperfect 
alternatives. Just as clear is the absurdity of abstractly 
rejecting the predetermined motion time technique, or 
any other method, because it has been shown to be im- 
perfect. 

Furthermore, the hypercritical authors seem to ignore 
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a worthy feature of this technique which makes it use- 
ful where methods demanding actual observation are 
not. The synthetic nature of predetermined motion times 
makes the technique very useful in methods design work, 
where time estimates are desired for alternative manual 
methods still in the conceptual stage. This synthetic 
feature also makes it possible to establish time standards 
on operations in advance of actual setup and production. 
If eventually the accuracy and precision of standards 
established by predetermined motion times should be 
demonstrated to be inferior in competition with actual 
observation methods, it may well be that it will be re- 
tained for use where the latter methods are ineffective, 
i.e., where a time standard is desired in the pre-production 
stage. Thus it seems unrealistic to speak of outright rejec- 
tion, for this and other work measurement methods have 
certain features that make them uniquely useful for dif- 
ferent types of problems facing management. 

Aside from this, it is not probable that any one work 
measurement method will prove superior for all types of 
operations, production volumes, products, industrial 
environments, ete. It seems likely that different tech- 
niques will prove superior under different circumstances. 

In summary, the predetermined motion time tech- 
nique cannot be completely and arbitrarily rejected 
simply on the basis of imperfection, for several reasons, 
namely: 

a. The alternatives are imperfect also, and as vet the degrees 
of imperfection of various methods are unknown. Most will con- 
cede that stop watch time study results contain an undesirable 
error but this does not stop people from using it 

b. It is unrealistic to talk of complete rejection, for the tech- 
nique will at least be useful for some purposes because of the 
synthetic nature of its results. 

c. Variation in characteristics of the tasks for which time 
standards must be obtained and differences in conditions make it 
seem likely that each work measurement technique will be supe- 
rior under some circumstances. 


In any event, the predetermined motion time tech- 
nique should not be judged on the basis of characteristics 
of the current versions, for these have faults not inherent 
in the method. Such defects are correctable and either 
existing systems will be revised or superior ones will sup- 
plant them. This is one reason why attempts by some in- 
vestigators, to “prove” that the times allowed by various 
systems for certain motions differ significantly, are of 
doubtful merit. Of what consequence is it to show that 
these differences in motion times exist, differences which 
are inevitable in light of the variation in performance 
level, motion definitions, and breakpoints among systems? 
Certainly the standards established by various systems 
will not necessarily differ appreciably because there are 
differences among the systems in individual motion 
times. Furthermore, standards estimated by different 
systems may differ appreciably and still be no cause for 
concern. That is, if the standards estimated by two pre- 
determined motion time systems (for the same group of 
operations) differ by a reasonably constant ratio, no 
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problem exists, If the values arrived at by the two sys- 
tems are not reasonably correlated, then one system is 
more accurate and precise than the other, and this ts 
important in selecting a system. In summary, showing 
that motion time values differ among current predeter- 
mined motion time systems does not provide sufficient 


basis for condemning these systems, let alone the tech- 
nique in general. In fact, what do such incomplete com- 


parisons accomplish? 
SOME COMMENTS ON THE HYPERCRITICISM 


It may be that the purpose of this hypereriticism and 
the research supporting it has been to counter-balance 
assertions made by hyperenthusiasts and to destroy a 
certain complacency. The value of such an endeavor is 
questionable for research of a more constructive nature Is 
presumably being supplanted by these nonconstructive 
efforts 
minimization, then evaluation, of the error involved in 


The need is for investigations devoted first to 


the predetermined motion time (or any other) technique. 
The need is not for attempts to prove that there is an 
error or that systems differ. Papers and articles of these 
hyvpereritics make interesting reading, but what contri- 
bution has been made” 


\ MIDDLE OF THE ROAD VIEWPOINT 


The prestige of Industrial Engineering and the media’ 
by which these two types of spokesmen publish would 
be enhanced if such unilateral evaluations of the tech- 
nique could be minimized. 

As for writers who tend to be hyperenthusiastic, a 
greater service would be provided if an attempt were 
made to be more objective and to curb the effects of 
personal enthusiasm on their writing. Yet if one desires to 
savy much on this topic some subjectivity must be intro- 
duced, There is no particular objection to this as long as 
these statements are identified as opinion. Thus, for 
example, unless a writer has concrete evidence to support 
his contention that a predetermined motion time system 
“works better,’ he should explicitly label his statement 
as opinion. And too, there should be willingness to admit 
the probability of error in observations and conclusions 
reported, and to avoid the unjustified implication of cer. 
tainty. Furthermore, these writers should recognize this 
and other time measurement methods as the estimating 
techniques they are, and acknowledge that error is in- 
volved. Finally, they should adopt a middle of the road 
position and relate the unfavorable as well as the favor- 
able aspects of their experiences with the technique. 

As for the writers who tend to be hypercritical, they 


* The Journal has been reasonable in that at least it has pre- 
sented both viewpoints, But certain other periodicals have been 
guilty of exclusion of critical articles to the point where one won- 
ders what service these periodicals are really providing their 


readers, 
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too should be more realistic in their appraisals. Why not 
judge the technique in the context of imperfection in which 
it exists and recognize its unique advantages’ And if re- 
search is to be attempted, why not dedicate it to improve- 
ment rather than condemnation? 
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I; HAS been often said that although the word ‘“‘sim- 
plex” appears in the title of the general computational 
algorithm of linear programming, the method itself is any- 
thing but simple. This misconception is probably due to 
the fact that until recently. the only text on linear program- 
ming based its theoretical background on matrix algebra 
(1). Thus, most articles intended for the average engineer 
(who does not know matrix algebra) have been of a ‘‘cook- 
book”’ nature, giving step by step directions for finding a 
solution to the problem. Rarely do these articles give a 
reason why these procedures are to be followed, but con- 
centrate only on how. 

Fortunately, the computational procedures of the 
simplex method can be readily understood by one with 
no more training than ninth grade mathematics. The 
purpose of this article is to explain why the simplex 
method works in the simple terms of elementary algebra. 
This explanation will be based on one theorem which will 
not be proved here. 


THE PROBLEM 


Although numerous examples of linear programming 
problems appear in the literature, let us quickly review 
two examples to establish a standard form of the linear 
programming problem. Let us first consider an example 
by Noble in which two grades of paper are produced on a 
paper machine (7). Due to raw materials restrictions not 
more than 400 tons of grade | and 300 tons of grade 2 can 
be produced in a week. Let the numbers of tons of grades 
1 and 2 produced during the week be denoted by x; and 
re respectively. Then, 


It requires 0.2 and 0.4 hours to produce a ton of grades | 
and 2 respectively. Since there are available 160 produc- 
tion hours each week, it is evident that 


0.24, + 0.42. < 160 


or 
a + 212 < 800. 

The profit p for the week is given by the function 
p = 20x21, + 502, 


showing the profit to be $20 per ton of grade | and $50 per 
ton of grade 2. The problem is to determine the non-nega- 
tive values of x, and x. which satisfy 
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+ < SOO 
| rm S 400 
te < 300 
and which maximize the profit function 
202; + Ore = p. 2. 


In a second example of this same article, Noble gives a 
problem of feed mixing. This example is characteristic of 
many mixing or blending problems in the process indus- 
tries. A cattle feeder wishes to purchase four special feeds 
F\, Fs, Fs, and F, in order to supply the proper minimum 
Vitamin content to his feed mix. Table 1 gives units of 
Vitamin content in a pound of each type of feed and the 
cost per pound of the feed. 

The mix must contain at least 12 units of vitamin A, 
14 units of B, and 8 units of C. If 2, re, 2, and ry denote 


TABLE 1 
\ ( oat ‘Th. 
Fy 0 2 cents 
2 5 cents 
F, 2 5 3 8 cents 


the numbers of pounds respectively of F,, Fs, Fy, and F,, 
then the problem is to find non-negative values of 1), 1s, 
ts, Which satisfy 


ba, + bre + ty + 12 
tit + 713 + > 14 3. 
2.14 + + > 
and which minimize the cost function 
2r, + Sre + + Bary = 2. 4. 


The algebraic statements of these two problems, though 
similar, have distinct differences. In one, an objective 
function is to be maximized. In the other, the objective 
function is to be minimized. In one the inequalities are 
“less than’ and in the other the inequalities are “‘greater 
than.”’ Yet, with only a little juggling the algebraic state- 
ments of these two problems can be made the same. 

To avoid the inequalities a “‘slack"’ variable can be 
added or subtracted from each inequality restraint. Nor- 
mally, these slack variables have a physical meaning. For 
example, in the paper machine problem no more than 400 
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re < 300. 


tons of grade | are to be produced; that is, 


This implies that there may be some unused tonnage and 
the quantity of this unused tonnage for the second re- 
straint can be denoted by the slack variable 2). Continu- 
ing in this manner for all inequalities of the first problem 
we get the following set of equations 


ty + 2re + = SOO 
+ S00. 


where 2x5, ry, and xs are the slack variables for the first, 
second and third expressions respectively. Likewise, in 
the diet problem the minimum vitamin requirements 
may be exceeded, and this excess may be denoted by the 
non-negative slack variables ws, a6, 27, all with a coef- 
ficient of —1, giving 


+ + ONG — Fe 14 6. 


Thus, both types of inequalities may be “standardized” 
to equations through the introduction of slack variables, 
The simplex method can be applied only to a set of re- 
straints which are in “standard’’ equation form. 

The apparent conflict in the method of stating of the 
objective functions of the two examples can also be re- 
solved quite easily. For example, if in the paper problem 
the profit function to be maximized is multiplied by —1, 
we then get 
—p=2 Eq. 7. 


— 


The values of 2, and 2, which minimize this negative fune- 
tion, z= —p, will also marimize the corresponding posi- 
tive funetion p. Theretore, every maximization problem 
can be converted to a minimization problem. 

On the other hand, if the cost function of the diet prob- 


lem is multiplied by —1 we have 


The values of «, which maximize this function will also 
minimize the original cost function Eq. 4. 

Thus, minimization problems. can be transformed to 
maximization problems, and vice versa. Obviously, com- 
putational rules for maximization problems are slightly 
different from those for minimization. Since most prob- 
lems in practical applications of linear programming have 
the objective of finding the minimum of a linear function, 
such as cost, this paper will give rules for minimization. 

Thus, we have standardized the general linear pro- 
gramming problem to one of finding non-negative values 
which satisfy a group of linear equations in several un- 
knowns and which minimize a linear function. More for- 
mally, this can be written as follows: To find 2, 2, ..., 
x,, all non-negative, which satisfy 
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+ + Ganka Du ka. 
and which minimize the objective function 

This is called the standard form of the linear programming 
model, 
AN EXAMPLE TO ILLUSTRATE THE PROCEDURE 


To illustrate the procedures of the simplex method, 
consider the following small fictitious example similar to 
that in (2). In this example we are to find non-negative 
values of x), ae, 25 Which minimize z where 


+ ts + Or, = 24 
Ses + 
+ bie — Sr, 


The last equation, of course, is the cost function. It is evi- 
dent that this problem is already in standard form. Thus, 
slack variables need not be introduced. 


A PROPERTY OF THE OPTIMAL SOLUTION 


There is one important property of solutions which will 
be stated but not proved here.' This property is 
PROPERTY OF THE OPTIMAL SOLUTION: Jf there exist 
non-negative solutions to the system of equations, then at most m 
variables of the solution which minimize the function are positive, 


the reat are set equal lo rere. 


That is, in the optimal solution the number of variables 
which are positive is limited by the number of equations. 
In the example above, Eq. 10, the solution which mini- 
mizes z will involve no more than 2 positive variables 
since there are 2 equations. If we had 5 equations in 20 
unknowns, then at most 5 variables could be positive in 
the optimal solution, the remaining 15 variables being 
equal to zero. 

Thus, in our problem we can arbitrarily set 3 variables 
equal to zero and solve for the other two. Suppose we set 
ry, ty, and x5=0. Then we are left with 


pour + iq = 24 


+ bis = 


Eq. 13. 


The problem has now been reduced to one of finding the 
solution of two equations in two unknowns, Eq. 12. Any 
standard method of elementary algebra may be used to 
solve these two equations. Ninth grade algebra students 
learn about substitution, elimination, ete. Consider the 


' A rigorous proof of a more complete statement of this 
theorem can be found in (6, p. 75), and will be detailed quite 
extensively in (5). 
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< 400 
= 


method of elimination resulting from subtracting both 
sides of second equation from both sides of the first, get- 
ting 


= 14 


Eq. 14. 
+ = 10. 


Then dividing the first equation by 2 gives 


15. 
= 10. 
From this it is apparent that a partial solution of the 
system is x,=7. To find 2, this value of x; can be substi- 
tuted into the second equation of Eq. 15. giving r.=3. 
Another way to find 2, is to subtract the first equation of 
Eq. 15. from the second, 


= 7 


Eq. 16. 
re = 3, 


which gives the same answer. Thus, through elimination 
the equations have taken on a new equivalent form, Eq. 
16., which gives the answer immediately. These values of 
x, and xz, may now be substituted into the cost function, 
getting 


(2 7) + (4X3) = 26. Eq. 17. 


That is, the cost associated with this first solution is 26 
units of money (e.g., cents, dollars, etc.). This may be the 
solution which minimizes the cost, or it may not be. By 
trial and error we could go through all possible combina- 
tions of solutions of two variables. For each solution the 
value of z can be computed. Then that solution of non- 
negative variables which gives the smallest z will be 
chosen as the optimal solution. — 

The total possible number of solutions to be examined 
in this problem is the combination of five things taken 
two at a time, or ten solutions. By trial and error each of 
these ten possibilities can be determined and the value of 
z found without too much difficulty. However, for larger 
problems the trial and error procedures become prohibi- 
tive. For example, a system of 5 equations in 50 un- 
knowns may require the examination of up to 2,118,760 
combinations. 


THE CANONICAL FORM OF THE LINEAR PROGRAMMING 
PROBLEM 


Fortunately, there is a systematic way of finding in a 
much smaller number of steps that solution which min- 
imizes the cost function. We begin in almost the same 
way as in Eq. 14., Eq. 15. and Eq. 16., except this time 
do not set 23, 2, and zs; equal to zero quite so soon. Be- 
ginning with Eq. 10. let us do the same thing we did to get 
Eq. 14., namely subtract the second equation from the 
first. At the same time let us eliminate z, from the z 
function by multiplying the second equation by 4 and 
subtracting from both sides of the cost function. This 
gives 
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+ Sur's + Sry Aas = 
Lar Stat — 225 = 10 
— Dy + bury 4() hay. 10, 


¢ first equation can be divided by 2, 


18 
Ay. 18. 


Now both sides of t 
getting 
lr, + Ie + + = 10 


20. 


— Jr; hq. 21. 


As with the transition from Hq. 15, to Eq. 16. let us now 

eliminate 2, from the second equation of Eq. 20. and from 

the cost funetion Eq. 21. This can be accomplished by 

subtracting the first equation from the second and by 

adding 2 times the first to the cost function. This gives 

— = 3 

— 2073 + + = 2 26 Eg. 23. 

This is called the canonical form of the linear program. 

ming problem. The coefficients in the cost function of the 
canonical form are called relative cost factors. 

Note that through elementary algebraic operations the 
coefficient of 2, has been made equal to +1 in the first 
equation of the canonical form, zero in the second equa- 
tion, and zero in the cost function. Likewise, the coef- 
ficient of zr, is +1 in the second equation and zero else- 
where. Furthermore, the coefficients of the remaining 
variables and the values of the constant terms are not 
the same as they were in the original problem, since the 
elementary algebraic operations are applied to all vari- 
ables in each equation. 

Now we can set 25, 74, 45 equal to zero in both equa- 
tions and the cost function. The solution is easily seen to 
be 


= 7, = 3, = 


and 


z= 26 


This is exactly the same solution we found before. The 
variables which are not set equal to zero— in this case 2x, 
and s:—are called basic variables. 

Let us recapitulate for the general problem. We began 
with the standard form given by Eq. 10. and Eq. 11., and 
through elementary algebraic operations arrived at the 
canonical form of Eq. 22. and Eq. 23. relative to the basic 
variables x, and zx». Since similar operations can be per- 
formed on any algebraic system of linear equations, we 
can reduce through elementary algebraic operations the 
general standard form of the linear programming problem 
of Eq. 8. and Eq. 9. to the following equivalent form: 


Ie + de mii + + b, 


Im + + dant. = 5, Eq. 24. 
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+ + Za Eq. 25. 


This is the canonical form of the general linear program- 
ming model relative to the basic variables 2, re, . , 

A distinguishing characteristic of the canonical form is 
apparent. In each equation the coefficient of one of the 
variables is made equal to +1. The coefficients of this 
same variable in the remaining equations and also the 
objective function are made equal to zero. Since only one 
variable from each equation is forced to have a coefficient 
of +1, the number of variables which have this character- 
istic will be equal, except in certain cases, to the number 
of equations. These m variables are called the basic varia- 
bles. 

Since the algebraic operations required to reduce the 
system to canonical form must be applied to all variables 
in each equation, it is evident that the constant terms and 
the coefficients of the remaining, non-basic variables can- 
not be the same as they were in the original problem. To 
distinguish these new numerical values, we use the same 
letters as before but put a bar over them; ie., d, 6, and é. 

It should not be concluded that the basic variables of 
the canonical form are restricted to the first m variables. 
Any combination of m variables may constitute a set of 
basic variables. The combination and the order given in 
the system of Ikq. 24. and Eq. 25. is merely a convenient 
general way of expressing the canonical form, 

One caution should be noted: the basie variables should 
be chosen in such a way as to make all constant terms, 
b, non-negative. The reason for this and methods for in- 
suring this will be apparent later. 

An advantage of the canonical form is that one solu- 
tion, namely 


rz = bs 
ra = 6. 


Test = Test? = °° r. = 0 
which has a cost z= 2», can be found readily. Thus, from 
the canonical form it is easy to state a solution in which 
at most m variables are positive, the rest being set equal 
to zero. Another more important advantage is set forth 
in the next section. 


TEST FOR OPTIMALITY 


The major advantage of the canonical form is that the 
non-basic variables can be inspected relative to the basic 
variables. For example, the coefficient of x, in the cost 
function, Eq. 23., of the canonical form is equal to — 20. 
If x; were permitted to be some positive quantity, keep- 
ing x, and 2x, zero, the value of z will be reduced. In fact, 
z will be reduced by 20 units of money for each integral 
valued increase in 2. 

Thus, when the linear programming problem is in 
canonical form, a test for optimality is the following: A 
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solution is optimal if all relative cost factors, ¢,, are non- 
negative. lf any relative cost value is negative, the solution 
is nol optimal and can be improved by setting one of the cor- 
responding variables equal to some positive value. 

Since ¢; is— 20 in the canonical form of the example, the 
solution is not optimal. A new solution, in which 2,>0, 
will reduce the cost. A method of finding this new solu- 
tion is given in the next section. 


IMPROVING AN NON-OPTIMAL SOLUTION 


Since we want to minimize z, it seems reasonable to in- 
crease x; as much as possible. However, we are restricted 
by Eq. 22. from increasing x; without bounds. In fact 
the largest possible value of x; is found from writing Eq. 
22. without variables x, and +5. These need not clutter up 
the analysis since they are to remain equal to zero. Thus 
we get 


bis = 


From the first of these we see that x; can be as large as 
7/4, or 1.75, and still permit x, to be non-negative. From 
the second the maximum value of 7; is 3. If 2, were per- 
mitted to be 3, then x. would be reduced to zero, but 2 
would become negative. Since negative results are not 
admissible in linear programming, we choose the value of 
7/4 for rs. With this value of x,, it is evident that r,=0 
and x. becomes 5 4. Then, the new solution is 


= 5 4, = 7, 4, = 0, = 0, = 0 
With this solution the cost becomes 
z= 26 — = 26 — 2017/4) = -—9 


which is a significant reduction from the cost value of 26 
of the previous solution. 

Thus, a new solution has been found with the basic 
variables of r, and sr,. This solution has reduced the cost 
function. However, we have not determined if it is opti- 
mal. Our rule for optimality requires the problem to be 
stated in canonical form relative to r+ and xr). We could 
go back to the original problem of Eq. 10. and Eq. 11. 
and reduce this to canonical form relative to re and 2y. 
However, the equations of Eq. 22. and Eq. 23. are equiva- 
lent to those of Eq. 10. and Eq. 11. and are already part 
way in the desired canonical form, since the coefficient of 
zr; is one in the second restraint equation and zero else- 
where. Therefore, we need only to make the coefficient 
of x; equal to one in the first equation of Eq. 22. and zero 
elsewhere. To make this coefficient equal to one, multiply 
both sides of the first equation by 1/4, getting 


L/ 42x, + 1/225 7/4 Eq. 26. 
Now, to get zeros elsewhere multiple the first equation by 
—1/4 and add to the second equation of Eq. 22., and 
multiply by +5 and add to the relative cost function Eq. 
23., getting the new canonical form of 
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+ I's + l = 7/4 7 
A). . 
4x; + Js 4a, + = 5/4 
+ 23.14 = + Ka. 28. 


This is the canonical form relative to x. and x;. Notice 
that the solution 


= re = 5/4, 


with a cost value of z= —9 is readily found and is the 
same as was determined previously. 

With the problem in canonical form relative to x, and 
x; we can now determine if this solution is optimal. The 
relative cost factors of Eq. 28 are all non-negative ex- 
cept for the coefficient of x5. This implies that we still 
do not have an optimal solution, even though the cost 
was reduced from +26 to —9%. However, another solution 
which will further reduce z can be found by permitting ., 
to be a positive value. The largest possible value for .,; 
is evident from rewriting Eq. 27. (omitting all zero vari- 
ables): 


7/4 + 1/225 


Iie = 5/4 — 1/22; 


Eq. 29. 
Eq. 30. 


In the first equation the coefficient of x, is positive. There- 
fore, any positive value of x5, however large, will give a 
non-negative value to z;. It is possible to have all equa- 
tions in this same form, permitting the new variable to 
increase indefinitely. This would imply that the original 
model was probably constructed improperly. 

Fortunately, in our example at least one coefficient is 
negative, giving an upper bound to the value of 5. As is 
evident from Eq. 30., this maximum value is r4,=5, 2, 
which makes x, equal to zero. Thus, a new solution with 
at least z;, xr, and x, all equal to zero can be found. 

Since the canonical form relative to x; and x, gives the 
new solution immediately and also a test for optimality 
for this new solution, it is reasonable for us to find this 
canonical form. Continuing with the same type of calcula- 
tions of the preceding steps, the canonical form relative 
to x; and z; is found to be: 


Ie + = 3 
+ — 27, = 5/2 
9 2x; + 275 + Liar, = 2+ 23/2 


Eq. 31. 
Eq. 32. 


Here all relative cost values are non-negative. Thus the 
solution is optimal and the calculations are finished. This 
optima! solution is 


z=3, 5/2, 1=0, 
which gives a minimum cost value of 

= —23/2 
This evidently is a profit. No other solution will give a 
smaller cost (or greater profit) value. 
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FINDING THE FIRST SOLUTION: ARTIFICIAL VARIABLES 


In the preceding sections it has been assumed that the 
initial canonical form in non-negative variables can be 
found rather readily. For example, we experienced no dif- 
ficulty in finding the canonical form of leq. 22. and Eq. 23. 
relative to the basic variables x, and x. 

Unfortunately, such ease in finding the first solution is 
not characteristic of linear programming problems. Had 
we chosen x; and 2; as basic variables instead of x, and 
Xe, keeping re, 24, 25 all equal to zero, we would have 
found no solution to the linear programming problem. 
Kither x, or ry would be negative. In fact, of the ten possi- 
ble combinations of basic variables in this example, only 
six will give feasible solutions. 

Thus, it was by chance that we picked variables which 
did lead to an initial canonical form in non-negative vari- 
ables. With larger problems we would experience increas- 
ing difficulty in finding the initial set of basic variables. 
Therefore, a formal procedure for finding the initial ca- 
nonical form is needed. 

Many models of problems encountered in practice are 
often stated initially in canonical form. For example, the 
model of the paper making process was 


+ 7s = 300 

+ = 400 
+ = 300 Eq. 33. 
— Wyre = 2 iq. 34. 


This is already in canonical form relative to the slack var- 
iables x;, 7, and x5. Thus, the simplex method could be 
applied immediately and eventually a final optimal solu- 
tion found, if one exists. 

On the other hand the example on feed mixing does not 
have such an obvious set of basic variables. The slack 
variables have negative coefficients and therefore cannot 
be considered basic variables for a canonical form. 

Furthermore, as Dantzig points out, in considering 
linear programming problems little or nothing may be 
known, mathematically, about the model (2). It may 
have redundancies, inconsistencies, or even impossible re- 
quirements. 

Thus, it is clear that a general technique, which is free 
of any prior knowledge or assumptions regarding the 
system, is needed to find the first canonical form. Dantzig 
has suggested a simple device which uses the simplex 
method itself to provide (if such exists) a first canonical 
form (2). This series of operations, in which the simplex 
method is used to find the first canonical form, is called 
Phase I of the calculations. After the first canonical form 
is obtained, the usual steps may be followed to find the 
final optimal solution. This second series of computations 
is called Phase 

The procedure for Phase I is as follows: 

1. Arrange the original system of equations so that all constant 
terms, b,, are positive or zero. If any 6; are negative, multiply 
both sides of the equation by minus one. 


No. 3 


Volume 


= 0, = 0, = 0 
— 
— 


Our example, given by 10. and I1., was originally 
stated with positive 6, terms, and no alterations are needed. 
\ugment the svstem to include a basie set of “artificial” 
20. In our numerical 


example we get 
= 24 


(dr, + ry + + Ol, + Te 


35. 


(fo + + + Be 


Any solution of kg. 35. in which 2¢ and 7; are both zero, is also a 


solution of the original svstem bony 10 


canonical form will include x, as a basic variable. Solving 
re and x; in terms of x, gives 


ig = 24 


Eq. 40. 


Since 24/13 is smaller than 10/5=2 sr. goes to zero and 
the new canonical form relative to 2; and +; can be found 


to be 


3 134, + 1 Bre + + 9/1384, — 6 138245 + 1 $13 
Al. 

(—2/1327, + 8/132: — 32/134, + 4/134, — 5/1346 + = 10 13 
2/130, + 32/132, — 4/1325 + 18/1346 1013 42. 


(Choosing again the variable with the most negative relative cost value, the next canonical form is 


j | bay 


3%. Define a new funetion 
hq. 36. 


which is the sum of the artificial variables and is called the “‘in- 
feasiinlity form.” Then, using the simplex method find the values 
of Which satisfy the augmented system Eq. 35. 
and which minimizes w 

Although the problem defined by Eq. 35. and Eq. 36. is not in 
canonical form, it is easily transformed to canonical form by sub- 


tracting each equation of kq. 35. from w, giving 


(32, + re + + OF, + Te = 24 37 
“oe. 
ge + Se. + 2r, = 10 

br, ltr, + =u 34 Kq. 38. 


This is now in canonical form and the simplex rules can be applied 
to find the solution which minimizes w 

it. If the mittimum value of w is positive, then no feasible 
solution exists and the procedure is terminated, 

On the other hand, if the minimum value of w is zero, then all 
artificial variables must be zero since w is defined as the sum of 
these non-negative variables Eq. 36. The basie solution at this 
step is therefore a solution of the original unaugmented system. 


At this point Phase IT of the simplex method is begun 
by: 

|. Dropping from further consideration all non-basic variables 
whose relative cost factors for form w are strietly positive; 


2. Replacing the linear form w« by the linear form z, after first 


modifving z to conform to a canonical form relative to the basie 
variables of the last step of Phase 1; and 

3. Beginning the computation with simplex method. 

To illustrate this consider the canonical form with arti- 
ficial variables as given by Eq. 37. and Eq. 38. In Phase 
I, the function w is to be minimized. The initial solution 


39. 


will not minimize w since four of the relative “cost” values 
in Eq. 38. are negative. Of these negative relative cost 
values, that of 2; is most negative. Therefore the next 
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— Sur's + 3 Su? = 


43. 


44. 


Since all relative cost values for the infeasibility form are 
non-negative the minimum value for w has been reached. 
This completes Phase I. 

The solution at this point is 2, ry =3,2, r= 
=F,=46=2;=0 which makes the minimum value of w 
equal to zero. Thus, a feasible solution exists and Phase 
II is begun. 

Since x. and x; have positive relative cost values, they 
will be dropped. Also, the original cost function Eq. 11. 
is to replace w. However, the addition of Eq. 11. to the 
equations of Eq. 43. will not give a system in canonical 
form, since the cost factors of x. and x, are not zero. How- 
ever, if the first equation of Eq. 43. is multiplied by 8 and 
the second by —4 and both of these added to the cost 
function, Eq. 11., the coefficients of rz and x5 in the cost 
function disappear, giving (with variables xr, and rs; 
omitted): 


L/4ary + + a6 ™ = 4/4 
hay. ho. 

+ — 47, + 1/24, = 5/4 


This is identical to Eq. 27. and Eq. 28. and thus the final 
solution of 


rs = 3, = 3/2, 


with the minimum cost value of 


— 33/2 


can be found readily. 

As Dantzig (2) points out the device of using an infeasi- 
bility form and a system augmented by artificial variables 
has several important features that should be noted: 


|. No assumptions are made regarding the original system; it 
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may be redundant, inconsistent, or not solvable in non-negative 
numbers. 

2. No eliminations are required to obtain an initial solution 
in canonical form for Phase I. 

3. The end product of Phase I is a basic feasible solution (if 
it exists) in canonical form ready to initiate Phase II. 

4. If there exists a feasible solution to the original system, 
then this same solution satisfies the augmented system with the 
artificial variables set equal to zero, making w =0. Since w is the 
sum of non-negative variables, its smallest possible value is zero. 
Thus, if feasible solutions exist, w is zero and all artificial variables 
are zero. Also if the smallest value of w is positive, then no 
feasible solutions to the problem exist. 


COOKBOOK RULES FOR*THE SIMPLEX METHOD 


Although the preceding sections outline a rathre 
simple explanation to the simplex calculations, it is often 
desirable to formulate the computational procedures into 
a set of rules: Dantzig (2) has outlined these rules rather 
well and they are given here with some modifications. It 
will be seen that these steps will merely repeat“and sum- 
marize the operations of the preceding sections. 

Step 1. Arrange the original system of equations as 
given by Eq. 8. so that all constant terms, b;, are positive 
or zero by changing the signs,on both sides of the ap- 
propriate equations. 

Step 2. Augment the system of equations to include a 
basic set of artificial variables 7,,,>0, 
0 so that 


+ + + + = by 
+ + Ant, tT = 
Ami ti + + + Amat + ben 


where x;>0 for all 7. 
Step 3. Initiate Phase I of the calculations by 
(a) adding the infeasibility form 


(b) eliminating the artificial variables from the feasi- 
bility form w to reduce the augmented system to 
canonical form. 

Step 4. Examine the relative cost values. 

(a) If all relative cost values are non-negative, mini- 
mum w has been reached. Then 
1. if w=0, initiate Phase II with step 7, 

2. if w>0, STOP. There is no feasible solution. 

(b) If any relative cost value is negative, the value of 
w may be reduced by setting any one of the varia- 
bles associated with a negative cost coefficient 
equal to some positive value. If there are two or 
more negative relative cost values, the choice of the 
variable is arbitrary. It is usually best to pick the 
minimum ¢;. Call this value ¢, and the correspond- 
ing variable z,. 

Step 5. To find the value of z,, solve for the basic vari- 

ables in terms of z, as follows 
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for all basic variables. Ignore any equation with d,, <0, 
since it would not be a restriction on z,. Find the largest 
possible value of x, by setting all z,=0. The following 
candidates for x, are examined 


= 
The smallest of these is to be the new value of x,. Call this 
z, = 


The variable that becomes zero is called z,. 

Step 6. Reduce the problem to canonical form through 
elementary algebraic operations with x, as one of the 
basic variables in place of x, and return to step 4. 

Step. 7. Initiate Phase IT by 

(a) dropping all variables whose relative cost values in 
min w=0 are positive, 

(b) replacing w by z, 

(c) eliminating the basic variables from the cost func- 
tion z to reduce the system to canonical form. 

Step 8. Examine the relative cost values, ¢;. 

(a) If all relative cost values are non-negative, STOP. 
The optimal solution is found by setting the basic 
variables equal to the constant terms, 4,, and all 
other variables equal to zero. The value of the ob- 
jective function will be z= Zp. 

(b) If any of the relative cost values are negative, the 
solution may be improved by permitting one of the 
corresponding variables to be some positive value. 
If there are two or more ¢,;<0, the choice of the 
variable to be introduced into the solution is arbi- 
trary. Usually it is best to pick the minimum of the 
negative ¢;. Call this value ¢, and the corresponding 
variable z,,. 

Step 9. To find the value of x,, solve for the basic vari- 

ables in terms of zx, by 


— 


Ignore any d,, <0, since it will not restrict the value of z,. 


(a) If all 4,, <0, there is no finite solution, and the pro- 
cedure can be stopped. Usually this implies that 
the problem was not formulated properly, and the 
original model should be checked again. 

(b) If any 4,,>0, then find the maximum value that r, 
can take on. Essentially this implies that the cor- 
responding z, are set equal to zero and the follow- 
ing candidates for x, are éxamined 


I, dis 


The smallest of these is chosen as the new value of 
z,. Call this zx, =5,/d,,. The corresponding variable 
that becomes zero is called z,. The new values of 
the remaining variables are found from 


Step 10. To test if this is an optimal solution, the prob- 
lem must be reduced to canonical form again through ele- 
mentary algebraic operations with the new variable, z,, 
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TABLE 2 
Basie Solution Variables 
10 l | ‘ | l | 2 
| w ~34 -is | | : 
i ry 24.13 l | 9/13 13 1/13 24 
r 10/13 2/13 —32/13 | 4/13 -5/13 5/4 
10/13 2/13 -8/13 | 32/13 | —4/13 18/13 
7/4 sy 1/8 -1/8 
r » 4 1/4 | — 5/8 138 5/2 
| 0 0 l l 


as one of the basic variables. Return now to Step 8. 

It should be apparent that these rules merely formalize 
the computational procedures of the previous sections. 
Thus, these rules can be applied to any linear program- 
ming problem, including the example of Eq. 10. and Eq. 
11. Hlowever, rather than illustrate the application of the 
rules to the example as it stands, let us look at a second 
method for carrying out the simplex calculations, namely 
the simplex tableau. 


THE SIMPLEX TABLEAU 


In the preceding sections the simplex method was pre- 
sented and illustrated with a simple ‘algebraic example. 
Since all operations were performed on the example as it 
was presented, the symbols ., had to be carried along in 
each step. This can be tiresome and even lead to clerical 


errors. In this section a brief discussion of a convenient 
tabular form will be given. 

Suppose we consider the system Eq. 37. and Eq. 38. 
which is augmented by artificial variables and reduced to 
canonical form. This may be set up in detached coefficient 
form as in the first section of Table 2. Note that the 
“value” column contains the numerical values of b,, the 
body contains the a,,, the last row the relative cost val- 
ues. The b, are also the values of the first solution, namely 
20, = 8. Notice that —w (and later —z) are entered 
rather than +w (and +z) because the value of we (and 
zo) is on the right hand side of all equations when the 
algebraic operations necessary to reduce the problem to 
canonical form are performed. The circles around some of 
the entries will be explained shortly. 

According to Step 4 of the “Cookbook Rules,’’ the rela- 
tive cost values are to be examined. It can be seen that at 
least one is negative. Step 4(b) suggests that the variable 
associated with the minimum, — 18, be chosen as z,. 

To find the maximum value of x; solve for the basic 
variables in terms of x; as outlined in Step 3. The candi- 
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dates for 2; are found by dividing the 6 values (in “value 
column) by the corresponding coefficients of x, (in +r; col- 
umn). For convenience, a separate column on the far 
right is provided for these ratios. The smallest positive 
value of these ratios is 24/13, and is chosen as the new 
value of 25. 

To determine if this is the optimal solution for w, a new 
canonical form is to be found, as suggested by Step 6. 
The variable leaving the solution is 2, and the variable en- 
tering is x3. Thus, the circled value, a,=13, must be 
changed to +1 and the rest of the values in the third 
column are to be zero. To make the new value of dj, 
equal to one, divide all values in the first row by 13, and 
place the results in the first row of the second part of 
Table 2. To make the rest of the coefficients in the third 
column equal to zero, modify the remaining rows by mul- 
tiplying each coefficient in the first row by the appropri- 
ate factor and subtracting from the corresponding values 
in the other rows, including the w-row. These operations 
complete the second part of Table 2 and form a system 
in canonical form relative to the basic variables x, and 4;, 
and Step 4 is again applied. 

In the third part of Table 2, all relative cost factors are 
non negative and minimum w is reached. Since this value 
of w is zero, Phase II is begun with Step 7. Variables 6 
and 7 are ignored, z is reduced to canonical form relative 
to xr, and z;, and the relative cost values are examined. 
Steps 8, 9 and 10 are repeated until Step 8(a) is reached. 
This was reached in the first-iteration of Phase II as indi- 
cated in Table 2. The optimal solution is 


0 


Zs = 3, x = 5/2, y= = 


z= — 23/2 
This is the same solution that was found previously. 
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CONCLUSIONS 


This paper presented an approach to simplex calcula- 
tions which can be followed quite easily by one with no 
more mathematical training than high school basic alge- 
bra. Although this paper does not claim to be a complete 
rigorous presentation, the techniques outlined here are 
adequate for handling many common linear program- 
ming examples. 

For special problems, such as degeneracy, for special 
techniques such as the simplex method with prices, 
transportation method and the Hungarian method and 


for a much more rigorous presentation of all aspects of 
linear programming the reader is referred to Dant- 


zig (5). 
It should be pointed out that this article was based 
largely on three excellent papers by Want zig (2), (3) and 


(4). Although these papers are not generally available, 
this development will be found in great detail in (5). 
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Internal Consultant—How? 


by THOMAS H. MARTZLOFF 


McKinsey & Company, Inc., Management Consultants, San Francisco, California 


Dip YOU read Professor Bentley's article (1)? He 
would like “Industrial Engineers to be known as pro- 
fessional engineers who help management manage’’—in 
areas outside those normally assigned as “industrial engi- 
neering” responsibility. 

This is indeed a worthy objective. I agree with its 
potential usefulness and desirability, particularly in 
medium-sized and smaller companies. In most instances 
managers need, and many want, help. Competent con- 
sulting assistance from within the company is especially 
appropriate, for example, in such matters as wage and 
salary administration, personnel selection procedures, 
developing effective communications programs, and work- 
ing out the economics of facilities rearrangement or ex- 
pansion. 

But the mere stating of this “internal consulting” ob- 
jective immediately raises these rather pressing ques- 
tions: 

1. What is the nature of this need, and what caliber of assis- 

tance do managers seek to fill it? 


2. How is the Industrial Engineer to prepare himself for such 
important responsibility? 
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3. When prepared, how is he to get the chance to perform as 
an internal consultant on management problems of the sort 
Professor Bentley describes? 


It seems to me that any individual who aspires to 
Professor Bentley's goal is forced to seek out workable 
answers to these questions that fit his own particular 
situation. Even so, I believe there are general guidelines 
in this special area of personal development that should 
not be overlooked. 

To this end, let me propose some answers to these 
questions I have raised. My thoughts are a product of 
professional interest and experience in working with 
industrial executives on executive development as well 
as other kinds of top management problems. Some things 
I have learned bear importantly on the issue at hand. 

Those who ponder the transition from Industrial Engi- 
neer to “internal consultant” may find them helpful. 


IS THERE A NEED? 


Unless there is a demonstrated need for internal con- 
sulting advice, these questions and our goal are of only 
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interest, We woulkl merely in wishful 


thinking. | 
But my experience shows that a need probably does 


CXist In most COMP MANICS, whether or not it Is openly 
recognized It bish, Jr. tends to confirm this 
belief hips Interesting clisctiss1on of the Industrial 
neer’s role in small company management (2). As I have 
observed, the need stems from three fundamental ceon- 


ditions: 


Feculiien are al eal Rare lv can they 


afford the hixury of comeentrating solely on solving problem 
at om tite Phe tore time the the greater 
ther need for problem-solving help. Thew seek and from those 
not suddled with admunmtrative detail and day-to-day supervisors 


dluties 
casingly complex 


Thewv re better facts for sound solution. New tee s are 
involved. Seat-of-the-pants decisions grow less and less aces ptable 
as the art of management takes on greater refinement. Competi- 
tion won't allow it. Handling and analyzing data and using mod- 
erm management techniques call for new skills which managers 

Thev look for experrenced help in these matters 


are heat thy 


often do not have 

3. Rrecutives 
ment often transeend departmental lines, Usually thes 
flavored with personalities. These facts-of-lfe present built-m 
limitations to anv executive who seeks to delegate problem-solving 
responsibility to his line The supervisor is hkely to 
he extremely subycetiee, particularly where his own department 
or his own men are mvolved) Rightfullv, he has an “axe to grind.” 
Thus some other souree is frequently necessary for objective prob- 
lem solving 

These faetors argue for management staff assistance. 
As time goes on, it appears likely that this need will 
receive even greater recognition And, this trend augurs 
well for the would-be internal consultant, 


REQUIREMENTS FOR THE INTERNAL CONSULTANT 


But managers are looking for a special kind of man 
to do this job. Free time and familiarity with teehmique, 
alone, will seldom qualify an individual for internal con- 
sulting in the broader management sense. 

What, then, are the qualifications of the candidate 
whe is likely to thrive in the kind of role Professor 
Bentley depicts? My observations indicate that these 
attributes are likely to distinguish him from his fellow 
Industrial Engineers: 

1 Desire to consult. An Industrial Engineer must prefer an 
ulvisory capacity, Some, who are otherwme qualified, do not 
The man with the desire to achieve thie sort of professonal 
status will decheate humeelf to this, rather than to the line man- 
agement route stlocess 

2. Alniity to think. The candidate for consulting will be able 
to think deeply ine miently (not always, by the wavy, an 
essential ingredient for the industmal engmeermg specialist). But 
the requirement goes even turther he will show a propensity to 
initiate niens and to do the kind of thinking that gets to the 
core of problems quickly. 

Executives themselves usually demonstrate great skill in “cop- 
ing with situations” response pressures of the moment.* 
Digging deeply takes more time and work; i takes imagination 
to find causes and seek basic solutions. Further, the successful 
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internal consultant will cultivate bias abihty to think broadly us 
well as deeply. not m the gram “nese. but to come ty with 
the fresh approach, not cramped by convention or narrowness of 
view. 

3 Judgme nt. There wm no substitute for this element. It mide 
up of common sense: semativity to people amid to situatpones: and 
a fine sense of timing. Good judgment begins where tacts, figures, 
and traditional logic leave off. Executives generally have it; the 
Industrial Engineer who wishes to counsel on management ques 
must have it or aequire it, large ly by keen perception 
learning throughout hw general maturing proces 

There are two particular aspects of judgment which deserve 
special mention: 

(a) Distinguishing the important from the unmportant In the 
minds of most managers. tangible end results are important 
some Imdlustrial Engineers, on the other hand, appear to 
be more concerned with methodology and technique than 
with getting an acceptable end result mm the least amount 
of tume. I reeall an Industrial Engineer who made such a 
production out of the simplest assignment that his superior 
was downright reluctant even to discuss problems with him 
This Industrial Engineer, for all his intelligence, could not, 
or would not act on partial information (which m some- 
times the only kind available); he could not tolerate um- 
precision (a certam degree of which makes good economic 
sense): he would refuse to estimate answers or to render 
judgment decimons (which time pressure mav demand ) 
In short, this man had difficulty focusing on the end pur- 
pose of assignments he was asked to perform He was too 
preoccupied by the means—the trappings surrounding the 
principal issties, 

(hb) Maintaining a commercial or entreprencurtal sense. Each 
private enterprise has a profit-making objective Sales, 
financial and engimeerme, as well as manufacturing, efforts 
contnbute to ths common goal. 

All management tools and improvement programs are 
nothing more than means to thx end. Sometimes the hoped- 
for program of one department must be subordinated to 
the greater advantage of the total enterprise, The inchividual 
with a “commercaal sense” understands the need for such 
“arbitrary” actions. He understands the essentials in how 
his company makes monev 

Iam familar with a concern troubled with high manufac- 
turing costs, The Industrial Engineer mvolved launched 
vigorously mto a clever labor cost saving program. Later, 
it was pomted out that labor represented only 10 percent, 
an insignificant portion, of total product 

Another Industral Engineer recommended an immediate 
expenditure of $1,000,000 for a new warehouse which would 
vield handsome materials handling cost savings Only then 
did he learn that his company was not financially capable 
of such an investment, 

These men pot only lacked “commercial sense.” but an 
appropriate sense of inquiry and timing as well. 

1 Tole rance toward re ality Too often Industrial Engineers 
tend to be purists, They are hkely to treat situations as though 
they were black or white, nght or wrong. This orientation can lead 
to a childish, all-or-nothing attitude when dealing with other 
people. 

But, as we well know, lie is rarely so simple. The realistic 
internal consultant wall project himself mentally mto other men’s 
shoes. Thus, he will force himself to visualize the intense pressures 
which ebb. and flow around all men and inevitably shape their 


* Dr. Lyman Bryson of Columbia University has done some 
excellent thinking in the area of executive-consultant relation- 


ships. 
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thinking and their actions. He will realize that graceful, intelligent 
compromise is often essential (and in no way “unprofessional”) 
in getting construgtive action on his recommendations, 

5. Attractive personality. While 1 believe this requirement is 
frequently overemphasized, the internal consultant to management 
must at least be able to work smoothly with people throughout 
the company. He will encourage a cooperative spirit; he will not 
arouse antagonism. His personality, at minimum, will be accepta- 
ble to the people with whom he works. In my experience, ability 
to command respect for his proved ability and his mature view- 
point is likely to outweigh minor personality deficiencies. 

6. Ability to sell ideas. The filing cabinets of American industry 
are full of good ideas and sound recommendations that were 
never put to work. And ideas must be sold before they can be 
implemented. Any consultant’s effectiveness can be realistically 
appraised by examining his “batting average” for getting recom- 
mendations sold and acted upon. 

The Industrial Engineer who fails regularly on this score should 
re-examine his potential for internal consulting work. 


Problem solving is hard work. It takes initiative, 
perseverance, and a degree of optimism. The successful 
individual will not be easily discouraged as he pursues 
difficult and sometimes elusive objectives. In my jJudg- 
ment, thoughtful re-examination of these qualities will 
explain to a large degree why precious few Industrial 
Engineers have attained truly internal consultant status. 


PREPARING TO MEET THE REQUIREMENTS 


If these are the qualifications, how is a man to ap- 
proach the task of acquiring them? 

At the outset, let’s recognize the importance of personal 
make-up and innate qualities in fitting any man for any 
job. Some have it. Some don’t. Qualifying for an internal 
consulting role is no exception. Good character and good 
taste, adequate education, good mental equipment, self- 
confidence, and imagination are among the essentials. 
Other qualifications may be more easily cultivated by 
the individual. 

Perhaps you are personally acquainted with Industrial 
Engineers who aspire to an internal consulting role. 
While dispensing advice about personal career develop- 
ment is a hazardous occupation at best, you may wish 
to offer a helpful tip or two. Here are a few suggestions 
of the sort you might wish to convey to them: 


1. Add to your formal education. Enroll in courses outside 
the industrial engineering area. Expose yourself to personnel, 
accounting, sales and public relations subjects. In this way, broaden 
your perspective and develop an appreciation for the problems of 
those in other phases of industrial activity. 

2. Read avidly, but with a critical eye. Dwell particularly on 
management philosophies, principles, and approaches. Naturally, 
be aware of management methods and techniques as well, but 
don’t enslave yourself to the particular solutions others have 
developed. Your problems are likely to be different. (Carefully 
selected materials from professional periodicals have value as well 
as textbook information, but watch out for “gimmicks” which fail 
to come to grips with underlying issues.) 

3. Inquire about problems within your own company. Plenty of 
problems surround you. Have lunch with the Controller's Assistant, 
the Salary Administrator, the Purchasing Agent, the Labor Rela- 
tions Assistant. Ask questions. Display interest in their problems 
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and possible solutions. Make it a practice to keep informed, Don't 
“expert” these problems—just learn what they are. In the process, 
you will become a more capable Industrial Engineer as well, 

4. Think about these problems. What would you do if they 
were your problems? What are the really fundamental issues, 
stripped of surface manifestations? How have these problems been 
solved before? Where have solutions fallen short? Why? How 
would your suggestions help the company as a whole to be more 
successful? Short or long term? 

5. Volunteer for extra duty. Gradually ask for greater responsi- 
bility when you believe you can handle it well, Volunteer for 
study groups or working committees outside your normal working 
channels, Assume added responsibility within your own depart- 
ment. Contribute ideas on .problems you see around the plant, 
even though it’s not required of you. 

6. Participate in professional associations. Your local ALLE 
Chapter for example, needs active leadership. The problems vou 
will face and the responsibilities you will shoulder as an officer 
afford valuable expenence. 

7. Learn about the logic of ym ople. Traditional x + ¥< 
has always worked admirably well on problems concerned only 
with “things.” But when people enter this equation, strange things 
happen. People respond to another kind of logie—the logic of 
people. It takes a shrewd eve and deep understanding to prechet 
the actions of human bemgs. Yet management problems on which 
you expect to consult are replete with “people problems.” 


logic 


Study people's motivation and behavior carefully, They are 
important. The internal consultant needs to have them working 
for him, not against him. 

Reflect on the things you have learned. Hold onto the 
fundamentals you discover and diseard the chaff. Relate 
the interaction of people and departments, as you ob- 
serve them, to one another. Draw your own lessons from 
these experiences, Thus, deepen your understanding and 
appreciation of the company’s people, its problems and 
their underlying In these ways, the dedicated 
Industrial Engineer 
perspective, His qualifications for an internal consulting 


‘AUSES, 
‘an gain maturity and necessary 


role will grow as well. 


GETTING THE CHANCE 

Obviously the well-prepared Industrial 
doesn't fold his hands and wait for a chance to consult 
on broader management problems. He seeks it, instead. 
The process is gradual, of course. His first chance may 
grow out of committee work or come as a result of a 


Engineer 


suggestion he has made. 

But the well-equipped man who has gained respect 
from his associates and his superiors over the years has 
nothing to worry about. 

His advice and counsel will be sought out by others. 
And at this point his principal concern will change from 
“How can I earn the opportunity to do consulting work?” 
to “How can I resist the pressure to join the ranks of the 


line managers?” 
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Increasing Utilization of the Cost-Quantity 


Relationship in Manufacturing 


by RENO R. COLE 


of Engines ring, rauly of Cahforna, Loa Ang les 


Crrv KS of the cost-quantity relationship in manufae- 
turing, also known as learning curves, progress curves, 
cost Improvement curves, and time reduction curves, 
came into general use in the airframe industry during 
World War IL. 

As usually understood, the theory of such curves states 
that as the total quantity of a product or model manu- 
factured for the first time doubles, the direct labor cost 
of the 2n'® unit will be less than the direet labor cost of 
the nv" unit by some fixed percentage of the n" unit cost. 
Several early studies in the airframe industry have indi- 
eated that for airframes this percentage is 806¢. Thus, 
for example, if the labor cost for the 10" unit is $1000, 
the labor cost for the 20° unit would be 80° > of this or 
$800 and for the 40° unit $640, ete. 

This relationship has the tunetion 


y = ar Eq. 1. 


where rT is cumulative unit number 
vy is labor cost 


a, b are parameters 


For the 80°) curve mentioned above. b has the value 
0.322. The labor cost of the first unit is always equal 


tod. 
The cost quantity relationship has also been defined by 


Y = Eq. 2. 
where ) is average direct labor cost 
a,b and ware the same as in Eq. 1. 


The appearance of the curves when defined either way 
is shown in Figure 2. The relationship Eq. 1. is known as 
the unit curve, while the relationship Eq. 2. is known as 
the cumulative average curve. The parameters a and b 
will have the same value for either definition, Eq. 1. will 
be used in this discussion, 

The relationship Eq. 1. or Eq. 2. is hyperbolic (Fig. 1) 
and conveniently gives a straight line when plotted on 
logarithmic seale (Fig. 2). The pereentage figure referred 
to (80°) is termed the “slope” of the curve. (This defi- 
nition of slope is different from the one used in mathe- 


matics.) 
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USEFULNESS OF THE TECHNIQUE 


Results of the survey reported here indicate that plan- 
ners In many industries outside the airframe industry are 
now beginning to realize that use of the cost-quantity 
relationship is of basie importance for rational planning 
during the early manufacturing or “learning” stages of a 
new product or model. 

The conventional data and formulae used by engineers 
estimating factory requirements for new products or new 
models can only give labor requirements “at standard,” 
that is, for production conditions which have reached a 
“steady state.”” This is the cost per unit which is substan- 
tially’ reached at C, for the n,"" unit of Fig. 1. 

If the parameters of the cost-quantity relationship 
curve can be estimated, however, a prediction of direct 
labor requirements during the “learning” phase can be 
made on a quantitative and objective basis. Since the 
ratio of other costs to direct labor costs is usually known, 


PER UNIT 


COST 


—_ 


| 
NUMBER OF UNITS PRODUCED 


Fie. 1. Typical Cost-Quantity Curve 


‘Theoretically of course, if the relation Eq. 1. or Eq. 2. is 
assumed, the cost continues a very slow decrease indefinitely as 
production is continued, 
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Fic. 2. Appearance of the Cost-Quantity Relationship Curve on 
Logarithmic Seale. 


an accurate estimate of total production cost can there- 
fore be made. In addition, scheduling of most of the 
requirements for the initial phases of production such as 
manpower, material, factory space, equipment, tooling, 
ete., can be put on a rational bases since requirements for 
these items are also related in a known way with direct 
labor usage (6). 

In the case where the total number of units to be man- 
ufactured is limited, such as represented by the quantity 
n, (Fig. 1), the total cost which can be predicted, which 
is the area under the curve between n, and n,, may well 
be small in comparison with the cost which cannot be 
predicted without use of the cost-quantity relationship. 
This the area under the curve between O units and 
n, units. The cost-quantity relationship thus also has an 
obvious and special importance in the pricing and gen- 
eral planning for products of limited total production 
quantity. Many defense contracts and some commercial 
products fall in this category. 


HISTORY 


From the historical standpoint, cost-quantity curves 
have been used in this country since about 1936, when a 
publication by T. P. Wright described the relationship 
and indicated its application in the airframe industry 
(16). The technique was used extensively in the airframe 
industry during World War II, and additional publica- 
tions have appeared from time to time since the war. In 
addition to that of Wright, papers by Crawford (7), 
Berghell (2), Carr (4), Standford Research Institute 
(18), and others are of theoretical interest while airframe 
company publications of Glenn L. Martin Company 
(11), Chance Vaught Aircraft Incorporated (13), North- 
rop Aircraft Incorporated (12), North American Avia- 
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tion Incorporated (3), and Boeing Airplane Company 
(19), were designed to assist in practical application of 
the principles. General deseriptions of the technique and 
its applications have been published by Thue, Maynard 
and Shapell (15), Ghormley (8), Lundberg (10), and 
Cole (6). A recent publication by Asher (1) offers contr- 
butions to the theory and gives a comprehensive survey 
of present knowledge particularly pertaining to the atr- 
frame industry. 

The cost-quantity relationship in manufacturing has 
been known and used for more than 20 years. In view of 
its Importance it is, therefore, somewhat surprising that 
published literature on the subject is not more extensive. 
On investigation, this situation seems to result from the 
small amount of empirical data which has been made 
available for analysis. Most of the studies to date have 
been based on data from the airframe companies or from 
Air Foree data obtained through airframe contracts. It 
is striking that with few exceptions (9) (14), no data or 
application studies have been published for any industry 
other than airframes, 


SURVEY OF PRESENT USE 


Since this study and other studies (9) (14) indicate 
that the cost-quantity relationship is as fully applicable 
and as useful in types of manufacturing other than the 
airframe industry, a survey of southern California indus- 
tries was conducted to determine the extent of applica- 
tion of this technique in industries other than airframes. 

Only non airframe metal product manufacturing in- 
dustrnies having 300 or more emplovees were surveyed. 
Some results of the survey are given in Table 1. 


CONCLUSIONS REGARDING PRESENT USE 


Judging from the fact that 61° of the companies sur- 
veyed reported use of the cost-quantity relationship, this 
technique would seem to have found acceptance in indus- 
tries other than airframe. It should be realized, however, 
that this tendency is probably more pronounced in 
Southern California than it is elsewhere due to the influ- 
ence of the many airframe companies in this region in 
which this technique has been familiar for a number of 

It is interesting that a high pereentage of the compan- 
ies surveyed who reported use of the technique con- 
sidered it a necessary part of planning. A considerable 
percentage of replies were qualified, however, by stating 
that judgment was required in the use of the technique. 
This is, of course, true of the appheation of any Indus- 
trial Engineering technique, but the reply would seem 
to indicate the absence of a completely comfortable feel- 
ing on the part of many who use the cost-quantity con- 
cept. This is undoubtedly due to the limited amount of 
information available for industries other than airframe. 

In (d), Table 1, is given a summary of cost-quantity 
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TABLE 1 
freon hy Southern Calilorna metal product manufacturing 


preelual ries othe lhan treme 


(a) Do vou use the cost-quantity relatvonship in your manufae- 
turing planning” 


Number Percent 
No Is 
100 


(hb) Have vou developed vour own data or do vou use published 


data” 
Number Percent 
SOY) airframe curve Is 
Total Js 100 


fo) What vour opinion as to the usefulmes« of this technique”? 


Numibet Pereent 
necessity 25 
10 
il 


is thas relat 7 my ven operation” 


Number Pereent 
Pricing 
Propeeting 
analyst 2 4 
control 2 
tarv control 2 
Keonomie bot size l 2 
Total 16 100 


relationship in the madustries surveved., 
As might be expeeted, the greatest use is for estimat- 
Ing, pricing and projection of manpower requirements. 
Some of the minor uses mentioned are interesting and 
might profitably reeeive more attention by industrial 
planners. For instance, use of the cost-quantity relation- 
ship for planning econome lot sizes during the “learn- 
Ing perhad was mentioned: only once. However, the plan- 
ning of lot sizes on a svstematiec basis during the learn- 
Ing peru would seem to require appleation of the cost- 


quantity conception 


COST-QUANTITY DATA FOR INDUSTRIES OTHER THAN 
AIRFRAME 

As there is an evident need for cost-quantitv data 
Which apphes to industries other than airframe, a project 
was conducted at the University of California, Los Ange- 
les, with the collecting such data from typical 
industrial sourees and subjeeting it to suitable analysis. 
Due to Security reasons, if proved unexpectedly difficult 
to obtain this type of information from industrial con- 
cerns. While not as complete a coverage of industries was 
achieved as hoped for, some interesting and, it is hoped, 
useful results were obtained which are reported in Table 
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2. Table 2 also lists all previously published data which 
could be found, with source references. 

The parameters a and b were determined for the data 
collected in the present study by regression analysis 
using the least squares criterion and assuming the fune- 
tion given in Eq. 1. 


CONCLUSIONS REGARDING COST-QUANTITY DATA PRESENTED 


An examination of the data in Table 2 reveals a very 
small varianeébetween the slopes obtained for the differ- 
ent types of manufacturing studied. While there is a 
range of 364 to 1,200,000 first unit hours, the range of 
slopes Is only to 82°. 

The mean of the slopes given in Table 2 is 79.6%. 
Assuming random sampling and normal distribution, 
95°* confidence limits for the mean; computed using the ¢ 
statistic, are 78.3° and 80.9°) for this senes of observa- 
tions. At least, this result should be of some as-istance to 
planners applying the cost-quantity relationship in a sit- 
uation where the curve parameters are as vet unknown. 

Another conelusion which may tentatively be reached 
is that there is evidently no causal relationship between 
slope and first unit direct labor cost for different manu- 
factured products. As mentioned below, such a relation- 
ship is now thought to exist, however between different 
models for airframes. 


TABLE 2 
Cost-Quantily Relationship Data from Various Industries 


First nit 


eference Slope, 
R a” Hours pe 


Product 


Precision mechanical electro- 
optical aircraft instrument This study 2.175 
leetronic unit; 80° electronic 
components, 20° mechani- 
cal components study 
Mechanical-hvdraulic electrical 
unit, 70° mechanical com- 
ponents, 30 electrical com- 
ponents This study 


Large built-up laminated plas- 
tie aircraft assemblies This study 


Klectronie data processing 
equipment Unit A This study 


Kleetronie data rrocessing 
equipment —Unit B This study 


118 World War II airframe 
models (17) 14.3° 

Liberty ships World War II 
composite experience of 10 
vards 


200 
(14) (Approx. ) 


2.114f 
3, 2007 


Semi automatic machine tool (a) 
Textile machine (9) 


Multi-purpose construction 
machine 
* Hours per pound of airframe. 
+ Arbitrarily adjusted to conceal actual cost level. 


1,481 
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PRESENT PROBLEMS REGARDING THE COST-QUANTITY 
RELATIONSHIP 


Present problems concerning the cost-quantity rela- 
tionship for manufacturing lie in two general areas: that 
of specifying a suitable curve, which means estimating 
the parameters a and b; and that of improving the curve, 
from a cost point of view, where the relationship has 
been established in a particular manufacturing situation. 


SPECIFYING A SUITABLE CURVE 


The first of these areas has received most of the atten- 
tion given to the subject up to the present time. Certain 
principles have been tentatively established which are 
helpful in predicting a suitable curve. However, the prac- 
titioner interested in application of the technique is still 
faced with the necessity of makingfan estimate of slope 
based on data collected in his own operation or on the 
small amount of published data available. In addition, 
he must either estimate the cost of the first unit or esti- 
mate the number of units required before the curve will 
approach his estimated steady state production cost. 

In making a decision regarding the slope, the estimator 
may be guided by two general relationships which seem 
to have been established in a preliminary way. The first 
of these states that the slope bears a direct relationship 
to the ratio of labor unaided by machine, such as assem- 
bly labor; to labor aided by machine, such as parts fab- 
rication operations. This is to say that the curve will be 
steeper, and cost will decrease more rapidly, the greater 
the proportion of manual work to machine aided work 
involved (9). The other relationship has only been indi- 
cated for different models of the same product. This 
states that there is an inverse relationship between the 
percent slope as defined here and the labor cost of the 
first unit (1). This means that the higher the labor cost 
of the first unit of a new model of the same product, the 
lower will be the percent slope or the faster the cost will 
decrease with successive units of production. 

Having made his best estimate of the probable slope, 
the planner is faced with the dilemma of either estimat- 
ing the cost of the first unit or estimating the number of 
units required to attain substantially steady state oper- 
ating costs. Unless he fells fairly certain of his estimate 
of the slope, and unless the relationship described above 
can be used as a guide, he may find it easier to estimate 
the quantity when steady production will be established, 
in view of the many uncertainties involved in estimating 

the unit number one cost. A comparison can, of course, 
be made using both of these methods. In any case, the 
problem facing the estimator is not a happy one and 
theory has not as yet made contributions which help him 
to any great extent. 

The best answer to this part of the problem is careful 
collection and compilation of data under the existing 
manufacturing conditions. Unfortunately, many cost 
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accounting systems are not adaptable to collection of 
learning curve data and managements are often not suffi- 
ciently aware of the plight of the estimator to be amen- 
able to making revisions in the accounting system which 
would permit collection of the required information. 


IMPROVING THE CURVE FROM A COST STANDPOINT 


The other area of the cost-quantity relationship prob- 
lem referred to above concerns the possible improvement, 
from a cost point of view, of a production situation where 
the cost-quantity relationship has already been estab- 
lished by experience, This possibility has received little 
recognition in the literature and the problem has evident- 
ly received little consideration. However, some present 
studies at the RAND Corporation represent a start in 
this direction (17). 

Since the area under the cost-quantity curve represents 
the total cost, and since this area depends both on the 
number one unit cost and the slope, it is clear that any 
effort to improve a production situation from a cost 
standpoint during the “learning” phase be aimed at the 
number one cost as well as the slope of the curve. Indeed, 
as pointed out by Asher (1), a product having a steeper 
slope but a higher cost of the initial units may well have 
a higher average cost during the learning period than a 
product for which the reverse is true. 

While the problem of reducing cost in steady state pro- 
duction conditions has been one of the major considera- 
tions of Industrial Engineering for many years, as men- 
tioned above, the problem of reducing cost during the 
learning period has received little or no attention. It is 
to be noted that many defense products and a number of 
domestic products such as computers and possibly some 
airframes never get out of the learning phase before the 
contract is completed or a new model is introduced. 
While many of the techniques which have been devel- 
oped to reduce cost in steady state manufacture are 
undoubtedly applicable to the learning stage, some of 
these techniques obviously have a different relative 
degree of effectiveness during this phase. There are 
undoubtedly new techniques waiting to be discovered 
and developed which are uniquely important during the 
learning phase. It seems that this area is a promising one 
for research. 
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System Simulation—A Fundamental Tool 
for Industrial Engineering 


by DONALD G. MALCOLM 


ations arch, Booz, Alls & Hamilton, Chicago 


Doerinc recent years a new technique has come into 
prominence as an aid in both the task of training and in 
problem solving. This technique, called System Simula- 
tion, has been developed in both the military and indus- 
try by operations research and Industrial Engimeering 
groups charged with making recommendations concern- 
ing complex planning problems and in developing train- 
ing methods. A growing need for this thorough and seren- 
tific study, plus the availability of high speed electronic 
computers, has brought the concept of system simulation 
to the fore as a most useful Industrial Engineering and 
management tool, 

System simulation has the most useful property of 
permitting experimentation with and testing of certain 
policy, procedure and organization changes in much the 
same way as the acronautical engineer tests his design 
Simulation, 


ideas in the laboratory or the “wind tunnel. 
long used as an engineering method (11), is now being 
used to: 
1. Study complex operating plans, and management controlling 
systems for the purpose of designing better plans and/or 
2. Study and train people in the operation of complex tasks. 
3. Gain acceptance of proposed changes through better under- 
standing of how a given system works or operates. 


Simulation has application from very small day-to- 


day problems to complex management and industrial 
engineering problems requiring operations research teams 
and computers. As we shall see, simulation has the advan- 
tage of being easily understood, of being relatively free 
of mathematies and of often being quite superior to 
mathematical methods which may be too complex to 
apply or even not available. Another distinet advantage 
lies in the fact that simulation generally eliminates the 
need for costly trial and error methods of trving out a 
new operating concept on the real flesh and blood and 
machines, 

The purpose of this paper is to develop in a non-tech- 
nical manner answers to the questions, What? and How’?, 
Who? and Why?, facing the Industrial Engineer inter- 
ested in what simulation may offer. Discussion is there- 
fore directed to the following objectives. 

1. To indicate the nature and utility of the method by means 

of an illustrative example. 

2. To deseribe some industrial applications of simulation and 

to provide a partial bibhography. 

3. To relate the method to more analytical approaches and 

discuss its role in “Installation Theory.” 


One of the difficulties involved in the solution of prob- 
lems of the broad nature referred to, is the compartment- 


‘Installation Theory has been defined as “study of the over-all 
most efficient way of introducing a change” (17). 
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alized thinking that organization structure and account- 
ing methods tend to impose upon the managers of the 
affected departments. Each manager is motivated. pri- 
marily by goals related to his own function which gen- 
erally conflict with cost goals in other departments. The 
management of inventory is a well-known example of 


this elass of problems. 

In solving such problems top management generally 
arrives at a solution by compromise—a little bit for 
everyone and really not getting the best economic solu- 
tion from the over-all company point-of-view. Since this 
is a well-known problem, let us briefly discuss the ques- 
tion it raises. How can we get at such problems where 
interactions between various clements of the problem or 
between various functions in the organization play such 
an important role in finding this best over-all solution, 
and, perhaps even more important, getting the solution 
accepted and implemented? 


METHODS FOR ATTACKING SUCH PROBLEMS 


There are three general courses of action open to us 
which are of value in different ways.? Let us list these 
and then discuss each method briefly. 

1. Experiment with the real facilities, machines and men 

2. Formal mathematical analvsis—construct equations describ- 

ing the various alternatives. 

3. Conduct simulated experiments, or System Simulation as 

herein termed. 


EXPERIMENT WITH THE REAL FACILITIES, 
MACHINES AND MEN 

Generally speaking, any idea that has been thoroughly 
studied is still not proven until it is tried out in the real 
situation. In using this method, suggested ideas or plans 
are brought forward for consideration as a result of cost 
studies of varying degrees of detail and refinement. Or, 
we may decide to emulate the practices of successful 
competitors and plan to do better through knowledge of 
their successes and mistakes. 

In either event the basic task of study and analysis of 
the interactions involved by means of “models” is not 
performed. The suggested plan, when approved, is simply 
put into effect. If the plan proves to be inadequate a 
modification is made. Thus, as often happens, we end up 
“experimenting” with our own men, machines and facili- 
ties. While in many cases this is the only method avail- 
able—and it does get action—there is the attendant con- 
fusion and cost of operating inefficiently for a long period 
of time while “testing” alternatives that may be avoided 
by the analysis or simulation approaches. 


FORMAL MATHEMATICAL ANALYSIS 


This is the most desirable and powerful approach. 
However, this method, which may be said to consist of 


*L. M. K. Boelter has described various techniques of problem 
solution. See reference (5). 
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writing equations which deseribe completely the problem 
area or system under study, is often too complicated to 
utilize effectively. Also in many situations the mathe- 
matics have not or cannot be developed which wall per- 
mit all the desired factors to be considered simultane- 
ously. This is particularly true in the case of competitive 
problems (4). 

Further, the mathematical method generally poses a 
distinet problem in communication. It is often hard to 
convince people that what a complex formula seems to 
say is really the best thing to do. There are many “if’s” 
and “but’s” that are hard to overcome in the process of 
getting change accepted. Thus “experimentation,” as dis- 
cussed above, generally still has to be performed. In cases 
where the first two methods have not given satistactory 
results the method of System Simulation is often useful. 


SIMULATED EXPERIMENTS-—SYSTEM SIMULATION 


In using this method the problem or system under 
study is first described as the sequence of individual 
operations to be performed, This may be called the “Flow 
Model” of the system. It is then necessary to have data 
indicating how the individual operations are interrelated 
and to have the frequency distribution of elapsed times for 
each individual operation. for the different conditions to 
be explored. 

Then inputs of such items as manpower, scheduling 
methods, or amounts of equipment, facilities, ete. are 
systematically varied. By consulting the time data men- 
tioned above in a random manner, the over-all time for 
the sequence of operations can be determined, This proc- 
ess performed over and over simulates operation of the 
system and permits accruing such total system data as 
average equipment and manpower utilization, or inven- 
torv outages, delays ete. Such outputs are then used to 
evaluate the desirability of the given input under test 
and in effect a simulated experiment has thus been con- 
ducted, 


AN ILLUSTRATIVE EXAMPLE 

Since the foregoing description is somewhat brief, a 
relatively simple yet practical example will be traced 
through to illustrate the concept and provide a vehicle 
for further discussion of the method and some applica- 
tions that have been made in industry. This particular 
example has also been chosen to bring out the relation- 
ship of the simulation method to the mathematical 
method for treating the same problem. For a solution of 
the same problem through queueing theory methods see 
reference (16). 


THE PROBLEM STATED 

Let us look at the following problem. We have a shop 
in which 20 machines run continuously for 24 hours per 
day 5 days per week. These machines experience break- 
downs from time to time despite preventive maintenance 
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practices. We have four repairmen on duty at all times 
and the machines are such that only one repairman can 
work effectively at a machine at a given time. Further 
the repairmen cannot be used for other than the repair 
task at hand. As managers, we are concerned over two 
observable facts which have come to our attention. 
1. From time to time we note that there are more than four 
machines down simultaneously and we wonder if a filth re- 
pairman would be a profitable investment in labor to avoid 
machine waiting time 
2. We also note that there are many times when all repairmen 
are idle and that there are even more times when three and 
two repairmen respectively are idle. Therefore, we also 
wonder conversely, do we have foo many repairmen and 
would not three repairmen be more satisfactory? Thus we 
have conflicting posibilities to study, 


A ROUGH ANALYSIS-—SOLUTION BY AVERAGES 


Now suppose we have made studies which show that 
the average running time between breakdowns is ten 
hours and that on the average the necessary repairs 
require one hour to complete, Le. the machine is down 
one hour out of every eleven total hours on the average. 

This rough data indicates that from twenty machines 
we could expect 1/11 times 20 hours of work to arrive 
each hour. This turns out to be 1.82 hours of work arriv- 
ing each hour and we have available 4 man-hours to take 
care of this work. This would seem to indicate (if we are 
content with this analysis) that 4 men could take care of 
the repairs quite adequately and with no machines ever 
caused to wait on a repairman. Further, we might expect 
to find on the average that repairmen are idle approxi- 


- 
mately 54 percent of the time ( ane se 5A). 


However, recent work sampling studies made in obser- 
vation of the actual workmen indicate that the pereent- 
age of idle man time actually varies from 32 to 63 per- 
eent and that machines wait for a repairman from 3.3 
percent to 1.1 pereent of the total available time. It is 
hard to pick out the best figures from the above utiliza- 
tion studies to use in our cost study. And further, how do 
we know what the effect of putting on or taking off an 
additional man would be? 


A BETTER METHOD OF SOLUTION IS NECESSARY 


Clearly, our rough analysis is not sufficient to evaluate 
the economies of utilizing another repairman. We could 
try to get an answer by experimenting with the real men 
and machines. To do this we would actually put on an 
additional man and after a period of time carefully 
measure how much better machine utilization we had 
achieved. Then if we weighted this against the cost 
incurred we could get a measure of improvement. Then, 
after awhile, we could cut back to three men and again 
measure the effects. While in effect this is the method we 
have been using, it is costly both in time and in money 
lost if we are not operating at the right solution now. As 
indicated, System Simulation is a way of performing this 
“experimenting” in the laboratory without the costly and 
disturbing job of experimenting with the real people and 
equipment (which are continually changing anyway). 


PERFORMING THE SIMULATION WITH THREE REPAIRMEN 


To perform this simulated experiment we need data 
which we already have from records concerning the run- 
ning time between repairs and the elapsed time in mak- 
ing the necessary repairs. Our operations analyst tells us 
that we have a chance of one in ten (probability of .1 in 
mathematical language) of machine breaking down in 
any given hour of operations.’ Further an extensive study 
of the resulting repairs discloses the following: 

40°% of the repairs require 4 hour to complete. 

30% of the repairs require 1 hour to complete. 


20% of the repairs require 1's hours to complete. 
10% of the repairs require 2 hours to complete. 


These data tell us that we have a 40° chance of a 
given breakdown requiring 4% hour to repair, a 30% 
chance of it requiring an hour to repair, ete. With these 
data we are now ready to simulate what would happen 
if we were to use various numbers of repairmen. Let us 
start with three. 

Our first task is to estimate how many machines will 
break down in a given hour of operation of our simulated 


*A statistical analysis of the breakdowns is necessary to estab- 
lish the appropriate probability statement. See reference (4). 
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26885 
77231 
30562 
14946 
27956 


51391 


48261 
10765 
73877 
57540 
57494 


61287 


87162 28094 


91297 
22546 
06048 


51592 
63509 
64380 


76540 67250 27536 52568 
55295 34116 09346 90710. 
98000 40627 48864 92845 
39628 54643 33326 89169 
20694 10757 58577 73570 
38416 15559 96030 74125. 
47554 75403 88055 52322. 
22052 84757 49212 66688 
90082 34417 78832 83479 
22899 65479 79981 20991 


13625 26616 


- 


Fic. 1. Table of Random Digits (Reproduced with permission from “A Million Random Digits” 
by the Rand Corp., 1955, The Free Press, Glencoe, Ill.). 
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03300 87949 59115 
03301 98859 
03302 77190842 
03303 4696195594 
03304 [53676173107 
03305 24874580302 
03306 US 94303 
03307 57623 65457 
03308 01471 88847 
03309 56630 31877 
— 
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Fic. 2. Time Log of Breakdowns 


system. To do this we could turn to a roulette wheel with 
ten numbers. It is quickly apparent why the term 
“Monte Carlo” method has become popular in describing 
an important aspect of System Simulation. 

Since our chances of having a breakdown were pre- 
viously determined to be one chance in ten we can let 
any one of the ten digits represent a breakdown. We are 
assuming an unbiased wheel wherein the ball is as likely 
to land on one number as any other. In our example we 
shall arbitrarily assign the number 9 to represent a 
breakdown. 

Now, rather than actually use this exciting device of 
chance, let us refer to a table of random numbers that 
has been painstakingly recorded by scientists for Just 
such types of analysis. This table may be thought of as 
the record of many throws at the wheel. It is an unbiased 
listing that gives us numbers that are perfectly random. 
Fig. 1 represents a portion from such a table of random 
numbers. 

Since we have 20 machines, each with a chance for a 
breakdown, let us look at 20 numbers from this table as 
shown in the block at the left. In this group of 20 we 
observe that there are three number 9's. Thus three 
machines broke down during this hour. The next question 
is, “How long do these repairs take?” 

To obtain this repair time we use the random number 
tables again. This time we assign digits 0-9 as follows: 


REPAIRMAN 
NO. 
= 0 
2 1) macnines 


2) waiting 


1306 15 17 18 202) 29 23 24 2520 27 20 29 90 


Fic. 3. Time Log of Breakdowns 
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1-4 incl. represent a % hour repair (40% ) 


5-7 incl. represent a 1 hour repair (30%) 
8-9 incl. represent a I‘, hour repair (20% ) 
(10%) 


0 represents a 2 hour repair 


Note that these are in the same proportion as our data 
concerning repairs as shown by the figures in parentheses. 

Let us look at any three numbers to find out how long 
our three breakdowns require in repair. We shall use the 
last digit of each five digit number shown in the right 
inset. This gives us the 5, 8 and 4 shown underlined and 
our repairs will thus require 1, 144, and 4 hours respec- 
tively. We have now simulated one hour of operation of 
our man-machine system and can keep score as shown 
in Fig. 2. 

The same method is continued until many such hours 
are simulated, and results in building up the rest of the 
Fig. 2 as shown. As we go along we finally get into 
troublesome situations. In time period 68 for example, 
we found that more work arrived than we could conven- 
iently handle with our work force. The waiting time that 
is necessary due to this “unlucky” work load is shown as 
a shaded bar. This represents time which the machine 
was down and could not be worked on because the repair- 
men were all occupied on other jobs that had arisen 
earlier. 

One notes that there is a lot of idle man time 


WAITING TIME | 


and sfill 


HOURS 


40 60) «680090100 
REPAIR TIME 


Fic. 4. Repair and Waiting Time Generated 


a fair amount of required idle machine time. Fig. 3 shows 
another portion of the simulation which a greater 
amount of work happened to arrive. That is—more 9's 
came up in our “throw of the dice.” 

In Fig. 4, graphical portrayal of the arrival of this 
work is shown at the bottom, and the top of the graph 
indicates when the waiting time occurred, This figure 
depicts 100 hours of System Simulation. At this point we 
have now simulated the operations of this greatly simpli- 
fied management system in the laboratory. This has 
been done without disrupting the organization by remov- 
ing or adding an employee and without waiting until 
working habits settle down so that a real live time study 
would produce meaningful data. 


PERFORMING THE SIMULATION WITH 2, 4, AND 5 REPAIRMEN 
—DATA RESULTING 


We ‘next perform simulation for 2, 4, and 5 repairmen 
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TABLE 1 


Number of Repairmen 


Data Reduction from Simulations 


2 5 5 
Breakdowns per Hour, Ave 1.05 1.07 
Hlours per Repair, Ave. “72 “70 
Machine Running Time 
Percent 70.5 1 
Idle Repairmen Time 
Percent 13.5 52.0 


in a similar manner. Table I indicates the data summar- 
ized from these simulations. 

Examination of these data indieates the gain in 
machine utilization through employment of additional 
repairmen. We note that there is a smaller inerease in 
machine running time as additional repairmen are used. 
At this point our simulation is completed and we are in 
& position to put costs on the data in such a way as to 


make a lowest cost solution. 


LC TILIZING RESULTS OF SIMULATION IN MAKING A DECISION 


While it is not our purpose to deal primarily with the 
economies involved in this illustrative example, perhaps 
one way in which the data ean be used should be shown 
in the interest of making a complete example. Suppose 
in our example it is our intention to turn out a specific 
amount of production per week and that we will work on 
Saturdays, if necessary, in order to turn out this planned 

Suppose further that considering the overtime and 
standby labor involved, we have ascertaimed that idle 
machine time costs us $5.00 hour. Our regular repair- 
man rate is $2.50 hour. Now with the data in Table 1 we 
can compute the cost per machine hour of operating with 
different numbers of repairmen.* Fig. 5 depicts the results 
of such computations. 

In this ease our decision is indicated quite clearly—we 
should change to three repairmen instead of the four 
currently used. From Fig. 5 we can also estimate the 
annual savings which turns out to be $4200 with the 
same total production possible. While this is a small 
amount, the relative size of the problem should be kept 
mand, 


MANAGEMENT PARTICIPATION IN EXPERIMENTATION 


Let us carry this illustrative example a little further to 
indicate a very useful aspect of system simulation. At 
this point, the manager of the affeeted department may 
well have some ideas concerning how he could get better 
results than indicated by the simulation. This attitude 
should be encouraged. He might, for example, suggest 
that giving priority to certain of the repairs that arise 
during any hour could improve the machine utilization, 


*C/machine hour =r-250+ 500 (1—% machine running 


m 
time) where: r= number of repairmen, m = number of machines 


im group. 
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Fig. 5. Total Variable Cost per Machine Hour 


or that purehase of more “reliable” machines would 
be a better course of action. 

The System Simulation can easily be extended to per- 
mit this manager to try out these ideas. Indeed, this 
aspect of simulation, involvement of the affected party, 
is turning out to be one of its most powerful attributes, 
for such involvement enhances understanding and there- 
fore acceptance. 


PRIORITY VERSUS ARRIVAL SCHEDULING OF REPAIRS 


In the simulation as originally performed the repairs 
were performed in the exact order in which they arrived. 
The manager has suggested that the shorter repairs 
should always be performed first when several break- 
downs occur at the same time. This is referred to as 
“priority” scheduling. 

To do this the simulation analyst must keep track of 
all the repairs arriving in any hour and assign them to be 
repaired in accordance with the priority rule of “assign 
the shortest repairs” first. Several other rules might have 
been suggested but let’s consider the effect of this one by 
simulation. We perform the experiment in exactly the 
same manner except that we now apply the priority rule. 
When this has been completed for the various number of 
repairmen, we have data which are shown in Fig. 6. 

We note that there is a slight gain in applying this 
priority rule. To evaluate the gain, we merely estimate 
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the savings obtained versus the cost of having someone 
apply the scheduling required to obtain the savings. (It 
may not cost anything.) The manager is now in a posi- 
tion to evaluate how sophisticated a system he should 
employ in controlling his repair personnel. 


THE EFFECT OF INTRODUCING MORE RELIABLE MACHINES 


Without belaboring this example, we again perform the 
simulation in the same manner except that we alter the 
probability of breakdown in a given hour from .1 to .05 
and to .01. This requires the use of two digit numbers 
from our table of random numbers to represent a break- 
down. For example, we might let the numbers 00 to 04 
represent the .05 probability of a breakdown. Otherwise 
the simulation is performed in exactly the same manner 
and results in developing operating curves such as shown 
in Fig. 7. 

With this data we are in a position to evaluate the eco- 
nomics of purchasing more reliable machines. This exam- 
ple can also be thought of as being directly analogous to 
the loading or set-up time required in a job lot produc- 
tion shop. Here, repair time becomes set-up time. Thus 
we also have a method for evaluating the economies of 
more automatic machines. 


THE ROLE OF THE COMPUTER 


Up to this point the use of a computer in connection 
with the concept of simulation has not been mentioned. 
Generally speaking, most problems of any size worth 
exploring in any great detail will be most efficiently and 
economically handled through utilization of an appro- 
priate electronic computer. The volume of detail and 
the number of hours that must be simulated in order to 
arrive at meaningful results generally demands that such 
& program be developed. In fact, even a problem of the 
size of the example, when extended to include the other 
conditions that we found desirable to make it more real, 
can be explored more efficiently and quickly if performed 
on an electronic computer. 

In preparing the problem for the computer, the analyst 
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generally prepares a logical Flow Diagram. This diagram 
shows the sequential steps involved in the problem or 
“system” under study. Fig. 8, prepared for the illustra- 
tive example, is typical of the kind of diagram that the 
analyst prepares in describing the system under study. 
This diagram is useful in the programming of the com- 
puter. 


INDUSTRIAL APPLICATIONS 

Perhaps the most dramatic aspects of system simula- 
tion lie in its ability to reproduce the workings of large 
scale systems. While such ambitious programs are of 
more interest, it should be borne in mind that their suc- 
cess is dependent on having performed many smaller 
simulations for experience, upon adequate data and upon 
consideration of the many mathematical and statistical 
problems that are involved in construction of a feasible 
and economical model. Those considering broad full scale 
models as panaceas in the decision making area are well 
advised to engage in smaller projects at the outset. This 
will prevent certain disillusionment and make for a more 
meaningful research program. 

With this word of warning let us turn our discussion 
to a few industrial applications of system simulation. At 
a Symposium on System Simulation’ the progress and 
results of several ambitious simulation projects were pre- 
sented. Perhaps a listing of a few of these simulations 
discussed will serve to give an idea of their scope and 
content. We shall then turn to a brief discussion of a few 
examples. 

Company or Organization for 
Which Simulation Was 
Designed 

United Air Lines 
General Electric Company 


Type of System Simulated 


Airport Station Model 

1. Production Control Model 

2. Profit Planning Simulation 

Distribution and Inventory 
Control Models 

Simulation of Peak Hour Bus 
Operations 


Imperial Oil Limited 
Port of New York Authority 


Office of Naval Research 
Southern Pacific Railroad 


Simulation of Cargo Handling 

Freight Car Inventory § and 
Distribution 

1. Air Force System Training 

2. Air Force Logistic System 

1. Army QM _ Requirements 
Forecasting Simulation 

2. Army Bn Maintenance 
System Simulation 


Decision Model—Caltex Group 


The Rand Corp. 


ORO, The Johns ‘Hopkins Uni- 


versity 


California Texas Oil Co., Ltd. 


Operations 
Thompson Products Inventory Control Simulation 
American Management Asso. Top Management Decision 
Simulation 


*Symposium on System Simulation, New York, May 16 and 
17, 1957. Co-sponsored by the American Institute of Industrial 
Engineers, The Institute of Management Sciences and the Opera- 
tions Research Society of America. See reference (31) for the 
report of this meeting and reference (1) for a brief review. 
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Fic. 8. Flow Diagram for System Simulation 


In addition to the above, simulations of interest to 
Industrial Engineers have been performed at such com- 
panies as Eastman Kodak, Atlantic Refining, Matson 
Navigation Company, Monsanto, International Business 
Machines, ete. It is hoped that further symposia will 
bring out experiences of these companies.® Use of the 
technique has not yet jelled to the point where a common 
language has developed. However, a brief description of 
a few of the above simulations will set the stage for dis- 
cussion of some common threads that appear to be pres- 


ent in the activities. 
DISTRIBUTION AND INVENTORY CONTROL MODEL 


Imperial Oil has studied an extensive distribution sys- 
tem composed of many hundred field warehouses in con- 
nection with an extensive expansion problem. The flow 
of stock under various possible combinations of facility 
plans was studied by simulation and costed. Results of 
this work were instrumental in suggesting a central 
wareliousing method of operation (21). 

Inventory and distribution problems are particularly 
complex and interrelated and are among the most impor- 
tant problems in management today. It is understand- 
able, therefore, that we find considerable activity in the 
simulation of various distribution and inventory prob- 
lems. Several papers presented at the symposium dealt 
with this problem area. 


AIRPORT STATION MODEL 


United Air Lines has set up and operated a simulation 
of the operations at a large airport on an IBM 704 com- 
puter (2). With it, several months of actual operations 


Meay—June, 1958 


at an air terminal can be simulated in a matter of min- 
utes. If one visualizes the “flow” of a plane through an 
airport and all the factors that determine the total time 
spent, such as landing, taxiing, maintenance, loading, etc., 
an idea of the complexity of the simulation is afforded. 
There are reportedly some 9,000 instructions in the com- 
puter program which took some nine months to develop 
after the logie was worked out in flow form. A diagram 
for this simulation, similar to Fig. 8, would be quite com- 
plex! 

This model involved such structural and environ- 
mental elements as: 
. Time of day, week, and year 
. Weather conditions 
. Maintenance plan 
. Availability of spare aircraft 
. Manpower schedule 


Probabilistic factors such as the need for maintenance, 
the type and length of resulting repairs, absenteeism of 
personnel and scheduling delays form the variable back- 
ground for testing changes in company policies and prac- 
tices. For example, management can change the number 
of spare aircraft, or the manpower schedule, and simulate 
operations under these new conditions. The computer is 
programmed to provide such output measures of per- 
formance as expected idle manpower, expected idle 
equipment, utilization of maintenance and berthing facil- 
ities. By comparing the expected performance in terms 
of these outputs with the cost of obtaining that perform- 


— 


*The Second System Simulation Symposium is scheduled for 
October, 1958. 
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ance, decisions can be reached that produce the best 
over-all operation of the complex airport system. 


PRODUCTION CONTROL MODEL 


The General Electric Company is using simulation to 
test new concepts and methods in production scheduling. 
Every production control manager knows that the meth- 
ods priority rules and procedures that he uses in dis- 
charging his scheduling job have an important effect on 
his company’s utilization of men and machines and also 
upon how smoothly the production flows and serves the 
customer. 

In this model, factory operations are simulated to test 
these decision rules which, in effect, are the scheduling 
system. Policies and procedures concerning machine 
loading, scheduling, and dispatching are being systemat- 
ically tested in the laboratory and evaluated in terms of 
internal inventory cost, idle man and machine time, flex- 
ibility and cost of the scheduling itself. In this way the 
trial and error method of actually trying out a new 
approach will be avoided. Rowe and Jackson have dis- 
cussed this problem of research (22) (31). 


PROFIT PLANNING SIMULATION 


A television tube manufacturing company has explored 
ways of obtaining better profit from its over-all opera- 
tions through simulation (19) (31). The flow of product 
was studied throughout the entire system. A flow chart 
of material from the point of purchase through opera- 
tions in manufacturing to transportation in the distribu- 
tion system was made. This chart served as the basis for 
programming a computer. Such factors as changes in 
volume imposed by the changes in customer demand, 
changes in product mix from a scheduling point of view, 
changes in the number and location of manufacturing 
plants, changes in the method and pattern of distribu- 
tion and storage, and different expected losses of product 
in the manufacturing process could be made in the pro- 
gram put into the computer. * 

By studying these changes, it was possible to find out 
which factors were of the greatest sensitivity in produc- 
ing profit and it was possible to experiment with possible 
changes in any of the factors indicated. Finally, the com- 
pany feels that it has a realistic mechanism for planning 
and controlling its business system. 


A TOP MANAGEMENT DECISION SIMULATION 


The American Management Association has had con- 
structed a “game” or “competitive simulation” built 
around the major control decision problem that a top 
executive faces in piloting the course of his company in 
a competitive economy (4) (21). This simulation exer- 
cise has been made the central subject of a two week 
course in Executive Decision-Making at Saranac Lake, 
N.Y. 

In this exercise, executives must make decisions con- 
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cerning the allocation of funds to production, marketing, 
research and development and new plant construction 
activities as well as set the price of their product and 
specify market research information to be procured and 
obsolete plant to be sold. These decisions must be made 
while in competition with four other companies, each 
striving for a greater return on their investment. The 
objective of this exercise is to give appreciation training 
to junior executives concerning the need for balance and 
the development of competitive strategies in plotting a 
company’s course during ten years of simulated opera- 
tions. Forms similar to the one shown in Fig. 9 ‘are filled 
out every fifteen to twenty minutes (a quarter of a year's 
operation) and turned in for processing by an IBM 650 
computer, which is programmed to determine the effect 
of their decision and print out the results. 

Plotting of information, planning and budgeting activ- 
ities and the critique session at the end of the play serve 
to bring out quite realistically many of the principles of 
scientific management. 


COMMON THREADS IN THE USE OF SIMULATION 


A survey of users of simulation gives us answers to 
two questions that are of interest. Why use simulation” 
—the purpose. Under what conditions is it used?—the 
type of problem. 

The purposes may be summed up as follows: 


1. To train people in their duties in a complex system. 

2. To learn about the operation of a complex system. This 
may be for either research or training purposes 

3. To experiment with possible or suggested changes in policies, 
procedures, men, machines, under laboratory conditions and 
in a dynamic context. 

. To help develop a master plan for systematic management 
research leading to the development of new control systems. 

5. To study the decision maker in a live situation. 


The conditions under which simulation has been em- 

ploved include the following: 

1. Where uncertainty, or varialnlity of data is an important 
factor and where direct mathematical methods are not 
available or practical to employ. 

2. Where detailed procedures must be developed and alterna- 
tives can be evaluated only in terms of total system costs. 

3. Where large, complex problems with many interrelated fac- 
tors are to be studied and simpler models do not satis- 
factorily handle the interactions. 

4. Where disagreement exists between affected parties in regard 
to proposed changes and an acceptable method of arbitration 
is required. 


TRAINING THROUGH SIMULATION TECHNIQUES 


In addition to the AMA simulation there are many 
other training simulations which have not been pub- 
licized as yet. Such companies as Westinghouse Electric 
Corporation, General] Electric Co. and the Rand Corpo- 
ration are using simulations, roughly equivalent in com- 
plexity to the illustrative example discussed earlier, to 
train their inventory people in problems of operating 
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TOP MANAGEMENT DECISION GAMING 


STATEMENT OF ASSETS ANNUAL STATEMENTS 
Totm Chance company COmPany 2? (Omran) 
4425,000 $23,000 4.423.000 $4 425.000 § 4,425,000 § 425, 
190,000 wets @ $450 675,000 ° $ 675.000 679.000 675,000 675.000 673,000 
PLANT T MENT 1,010,000 unite $3 00 3,030,000 $30. 000 $ 5.030.000 $5.090,000 3,030,000 $4,090,000 5.050,000 
rota, assets | $10,130,000 $10,130,000 $10,150,000 $10, 130,000 
INCOME STATEMENT MARKET INFORMATION 
SALES come 900.000 wits @ $500 $4,300. 000 Company) company 2 4 
COST OF GOODS SOLO © OPERATING CxPENSES $300 300 $300 $300 
Tota, wanatt 4,300, 000 
TING ARCH Of VELOPMENT 300,000 a 900 000 
OTHER ( MAREET RESEARCH) ° 4.990.000 
130,000 MARKET RESEARCH REPORT 
rants 000 | POTENTIAL SHAME OF MARKET 
: POTENTIAL SHARE OF WAREET - PRICE 


att comet : 73.000 


OPERATING AND DECISION INFORMATION 


(for neat period) 
OF PRODUCTION 720,000 #93 000 900 000 934 000 994,000 ooo 
— DECISION ALTERNATIVES 

COST OF PROOUCTION $3,346,000 | | $3, 70'. 700 | $3,081, 700 | $4,193,300 | $4,254,000 | $4,525,400 

MARKET RESEARCH INFORMATION 

P-POTEN TIA MAREET SHARE - max PRICE 

parce 460 $400 

PLANT (in 


Fria. 9. Sample Form Top Management Decision Simulation 


and providing satisfactory stocks in their distribution who are not already familiar with computers. 
svetems 5. Decisions must be made from facts available and analyzed 


~ : immediately. Simulation poses a realistic situation, not an 
Results to date seem to indicate that simulation pro- , | 
academic one, full of exceptions and sometimes too incon- 


vides a means of more effective training and that it clusive in nature to be satisfying. 

promises to augment and even replace some of the 6. Because it is more realistic, the students or players get caught 
management training methods used in colleges. There- up in it and work more intently at the tasks it requires. 
fore, perhaps a brief summary of some of its advantages 


The suecess and utility of a simulation which is aimed 
is of interest. 


at training depends on obtaining “involvement” of the 


ADVANTAGES OF TRAINING THROUGH SIMULATION participants, how adequate it represents reality and 
| sfe skill back into the re 
1. Permits “cause” and “effect” to be felt. The individual can vhether there = a transfe . of skill back into the ‘Teal 
appraise the effect of his actions immediately. life situation. At this point in the development of simu- 
2. Aids in judging what information is really important in mak- lation, it is difficult to prove scientifically that there is 
ing decisions and obtaining management control. a real transfer or that it ts beneficial to the student. 


** 
— 


_ Familiarizes the individual with the data needed and availa- However. everyone associated with simulation be- 
ble to him in making his decisions, thereby demonstrating : 


lieves that an intelligent individual will not carry away 

economic and management principles in practice. 

4. ls a means of providing some familiarization with Electronic specific acts to perform (unless so directed), but rather 
Data Processing. This is an extra benefit to many participants will carry away a point of view in tackling problems, 
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thinking more of the system in which they reside, what 
courses of action are available, and what facts must be 
considered. In order to test the nature of what the stu- 
dent retains from his simulation exercise, AMA is 
having two psychologists build up scales to measure the 
quality and type of training received. 

Thus, simulation training methods also give us the 
possibility of testing the effect of many training princi- 
ples, and should prove a most versatile addition to our 
educational process. 


RELATION TO OTHER ANALYTICAL METHODS 


This subject is worthy of much discussion beyond the 
scope of this paper. However, many operations research 
activities have recognized that there are many classes 
of problems where the mathematical theory is so difficult 
to apply that it is much easier to determine probable 
outcomes in this experimental fashion (4) (21) (24). 
This is particularly true of many of the problems facing 
the Industrial Engineer who must deal with partially 
ordered sets of events. The scheduling problem is a good 
case in point and we do not have to turn further than 
our example to illustrate the point. 

It becomes exceedingly difficult to evaluate “priority” 
rules by mathematical means. In the man-machine 
problem, queueing theory solutions have been worked 
out for only the “repair in the order of arrival” method 
of scheduling repair (16). This is about where the 
theory stops, for as Cobham (7) relates, solutions for 
multiple repairmen have proved too difficult to obtain. 
Cobham develops a mathematical] solution for the case 
of one repairman only, certainly not satisfying to the 
needs of most real problems. As we have seen, simula- 
tion can easily explore a number of priority rules and 
is a versatile tool. 

This discussion is not meant to discourage the use of 
mathematical approaches in this area, but rather to 
stress the need for additional research. Simulation is 
proving to be a good running mate for mathematical and 
economic models and should aid by providing a good 
operating description of real problems for mathematical 
researchers. The point here is that one using simulation 
should not feel inferior in using this less “elegant” ap- 
proach—it is often more practical. 


RELATION TO INSTALLATION THEORY AND THE IN- 
DUSTRIAL ENGINEER 

The Industrial Engineer must embody within himself 
something of the mathematician, something of the econ- 
omist, and something of the psychologist. Chief among 
his many duties, is the job to criticize, design, and imple- 
ment, or install new procedures, controls and so forth, 
that may be suggested as operational changes by results 


of psychological, economic and engineering research. “ 


In the present world, change in the form of ‘new 
products and processes is coming at a faster rate than 
ever before. The life of a new product or process is 
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shorter. All of this adds up to the need for introducing 
change more efficiently and accurately since the learning 
time is now a much more significant portion of the prod- 
uct’s total life span and cost. While system simulation 
is no panacea, it offers assistance and is a useful tool 
in such installation theory. As we have seen, it has 
utility in analyzing complex problems and in training 
operating management in the system it operates. Com- 
panies that clearly recognize that efficiency comes from 
the real understanding of broad operating objectives on 
the part of all levels of management involved, will clearly 
be more flexible and achieve lower cost operations more 
quickly. 

The evidence is clear and encouraging that system 
simulation is a useful and powerful tool in helping to 
reduce installation time, in improving the quality of 
understanding and in searching for system cost reduc- 
tion opportunities. In this technique would seem to lie 
the method for Industrial Engineering research into sys- 
tems design. Simulation projects in many areas of the 
Industrial Engineer's job will lead to a common language 
in Industrial Engineering systems and stimulate the 
growth of supporting mathematical research. 
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ENGINEERING is an expanding field. 
This is true for both the number of areas included, and 
for the depth to which the present areas are being ex- 
plored and utilized. The expansion is greater in the 
latter, in terms of accuracy, thoroughness and precision 
of the techniques needed for finding the answers in the 
present areas. For example, inventory control, scheduling, 
plant layout, production planning, and plant location 
have usually been considered areas in Industrial Engi- 
neering. But these areas are the ones now being attacked 
with new and better techniques. Although many of the 
new techniques can be used for other fields, like sales, 
development, market research, ete., these areas are not 
really being added to Industrial Engineering; they are 
merely recognizing the need for better techniques, many 
of which were developed in and are sponsored by the 
Industrial Engineering field. Incidentally, many of the 
other areas of Industrial Engineering, like work simplifi- 


‘This work has been supported in part by the Office of Naval 
Research, Department of the Navy, Contract No. Nonr—816(08). 
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cation, work measurement, incentives, and materials 
handling are likewise being subjected to new approaches 
to effect new results. ¢ 

One important aspect of the new techniques is the 
ability to tie together the individual variables affecting 
a problem. To make the new techniques useful, data 
from other techniques, and assumptions from the prac- 
titioners, are needed. If the original data are not accurate, 
or are founded on improper bases, the techniques do not 
represent a practical advance or an over-all theory. 

No technique or concept is usually stronger, more valid 
or useful than the weakest component in that technique. 
So as research into new and necessary techniques for 
over-all concepts proceeds, it must be accompanied by 
more and expanded research into techniques providing 
some of the fundamental data. 


WORK MEASUREMENT 

Probably the most widely known and used basic tech- 
nique in Industrial Engineering is work measurement. Its 
time results are essential for most other techniques in 
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Industrial Engineering. Because of this it should be one 
of the most accurate tools. Yet it is not. The problems 
are well known: What is a motion? What is a correct 
motion pattern for a methods description for a job? How 
ean differences between operators on the same job be 
detected? What is skill? How is it possible to know 
when proper training has been achieved? How is operator 
performance measured? What is the effect of difficulty 
on the pace or performance of an operator? What is 
fatigue? Most of these problems affect one other prob- 
lem: How do we rate, or measure, operator performance? 
This is one of the most controversial steps in work 
measurement. 

Attacking these problems in work measurement seems 
difficult, except that every problem mentioned is in some 
way related to the actual performance or motions of an 
operator. If every motion could be measured in every 
detail, then a start toward answering most of the prob- 
lems could be made by investigating the motion com- 
ponents for relationships among themselves and with 
external criteria. Such a measurement is now available 
in the form of UNOPAR (3) (8). 


LEARNING 


Most definitions of time study and/or of rating men- 
tion learning in one way or another. This appears as 
a statement or problem more often than any other fac- 
tor. Schutt says, “Standard time required by an 
operator who possesses normal skill and normal train- 
ing...” (10). Lowry, Maynard, and Stegemerten say, 
“Skill may be defined as proficiency at following a 
given method” (4). The word proficiency implies the 
learning or training concept. Barnes says, “The result 
of time study is the time in minutes that a person suited 
to the job and trained in the specified method will need 
to perform the job...” (1). Segur says, “Within practi- 
cal limits the times required of all expert workers to 
perform true fundamental motions are constant” (11). 
Expert includes a learning function. Mundel says a 
standard time is defined with the stipulation that it be 
performed “by a worker possessing a specified amount 
of skill on the job and specified aptitude for the job” (5). 
Then skill is defined as “the ability to do a job in the 
proper manner; the ability to repeat a definite muscular 
pattern.” Nadler says a standard time is defined with 
the following restriction in establishing the time: “When 
worked on by an operator with the necessary skill and 
given sufficient training to perform the operation prop- 
erly,...” (6, p. 304). 

In addition, learning is important to many activities 
in other areas of Industrial Engineering and in other 
fields of endeavor. Training concepts, selection of person- 
nel, design of equipment, fatigue, psychology, physiology, 
job evaluation, merit rating etc., are areas interested in 
or dependent on learning. 

Yet what is learning? To date, learning research used 
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over-all criteria such as learning curves, in investigating 
this problem. Learning curves help in establishing over- 
all definitions, and in some aspects of basie understand- 
ing, but they are by no means sufficient. Similarly other 
techniques have not been able to probe into the depths 
of the learning process. For example, research at Wash- 
ington University has shown that the times for all 
therbligs do not decrease in the same proportion as 
training (or learning) increases (7) (9). Apparently, it 
is even essential to make learning studies of individual 
motions within the over-all operation. This should pro- 
vide needed insight into the learning process.’ 


PURPOSE OF THE EXPERIMENT 

Learning is a complicated factor being affected by 
many variables. In spite of the many parameters, like 
mental skill, visual acuity, and mechanical dexterity, it 
seems appropriate to investigate only the effects of these 
and many factors on the performance of a task. In this 
case, learning is the process of repeating a task over 
and over to meet the objective established for the task 
(quality) at a rate of performance considered satisfac- 
tory (quantity). To simplify the concept, the rate of 
performance is established as “as many cycles per time 
unit as possible within the ability of the individual and 
the incentive circumstances.” The effects of the indi- 
vidual performance are reflected in the motions per- 
formed by the individual (8). 

The objective of this experiment was to determine the 
effects of learning on the operator performance of a 
simple motion. 


EXPERIMENTAL MOTION 

The nature of this experiment is relatively exploratory. 
Learning was defined in a simple manner. Likewise, it 
was essential to have a motion which was extremely 
simple. 

In previous experimentation, a simple motion has 
usually been one between two points performed in three 
dimensions. However, it appeared essential in this ex- 
periment to start with even a simpler motion. This would 
provide the greatest control of the activity. This control 
was necessary for experimentation into the basic learn- 
ing process, and because of the newness of the type of 
data obtainable from the UNOPAR. Also the amount 
of data is absolutely tremendous. This meant it was 
essential to know exactly what the motion was so that 
proper interpretations could be made from the UNOPAR 
data. If a three dimensional motion had been used, 
there would be no way of having a base reference about 
the exact path of the motion to compare with the 


UNOPAR records. 


*In addition to (7) and (9), there have been many other experi- 
ments which tend to show the same effect. Many of these have 
been performed by K. U. Smith at the University of Wisconsin, 
and others have been performed in various places like Cornell 
University, University of Iowa, and by private concerns, 
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To go even further, it was decided that the motion 
would involve that of a speaker in a frame. Therefore, 
the experiment. consisted of a simple, one plane motion 
in which the subject learned to apply a specific force at 
both ends of the motion. 


APPARATUS 
The various pieces of equipment utilized in this ex- 
periment were as follows: 


1. Experimental test motion table. The experimental table 
(Figure 1) is the base for a small frame which moves on roller 
bearings over covered steel rods from one end of the table to the 
other. This assured only one plane motions by the subject. The 
force which the subject learned to apply at each end of the mo- 
tion was provided by the force levers which can be seen at the 
front and back of the table projecting through the table top. 
Forces were maintained on these levers through springs which can 
be seen suspended between the linkage below the table and a 
fixed bar. It was possible to exert up to ten pounds of force on 
either bar by pushing the lever to the maximum displacement 
position. Connected to each force lever below the table were three 
electronic control devices. These are shown in the wiring along the 
lower horizontal support. These controls operated: (a) a buzzer 
«svstem which mmdicated that the foree being apphed was within 
the tolerance limit (the amount of tolerance was a variable estab- 
lished by the experiment), (b) the eireuity to enable an actual 
plot of the foree on the force channeis of the oscillographiec re- 
corder, and (¢) a evele counter (which was energized by the dis- 
placement of the foree lever away from its rest position). This 
table was manly bolted to the floor so that all motions are re- 
stricted to the movements of the frame on the steel rods. 

2. The UNOPAR. The velocity of the hand-speaker-frame was 
measured continuously against time by the UNOPAR. the 
UNOPAR «speaker can be seen rigidly attached to the frame in 
Figure 1, and moves with the frame and the body member push- 
ing the frame. The motions recorded by the UNOPAR are those 
of the speaker, which for this case was assumed to be virtually the 
same as the motions performed by the body member (hand). (Be- 
cause the hand actually twists somewhat on the freely pivoting 
handle as it moves the rack over the steel rods, this assumption 
ix not necessarily correct. However, it has no bearing on the 
results of the expermment, since the results are concerned with the 
learning process Hs exhibited by single veetor of the hand 
motion; this was the most important component of the hand's 
activity im this experment, Later experiments will have the 
speaker attached to the body member using the same test set-up, 
to measure the work of the body member itself.) 

The measurements plotted agamst time taken contimuoualy 
during the experiment performance were as follows: (a) velocity, 
(b) foree imparted at the front of the motion, (c) force imparted 
at the back of the motion, and (d) number of cycles completed. 
Mathematical treatment of the velocity versus time data would 
pro ile acceleration, deceleration, position and displacement in- 
formation continuously. 

3. Cycle timing control. The control of the work-rest periods 
was affected by the use of the lght box shown at the left of 
Figure 1. The electronic control for the light box is shown on the 
floor behind the experimental test apparatus in Figure 1. This 
device is an electronic timer having variable timing limits and 
a reeveling feature. This enables the experiment to be established 
with the work-rest relationship set for any given combination 
of time periods and once set, will recycle at the settings. The 
upper light was the rest light, and the lower light was the work 
light 

4. The UNOPAR tape analyzer (Figure 3). This was a simple 
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Fic. 1. Experimental Test Motion Table 


device to enable analysts to obtain information from the oseillo- 
graphic recorder tape. Medsurements made on the tape here were 
the forces, velocity, time, acceleration, deceleration, and various 
combinations of these measurements, as deseribed later. 


PROCEDURE 

The amount of force at the force levers was selected 
as 3 lbs., and the tolerance amount was plus or minus 
1, lb, in one experiment (subject JB) and plus or minus 
lL. Ib. in the other (subject BK). The distance between 
points of application of foree was 19 inches. A warning 
buzzer was sounded when the subject applied the mim- 
mum acceptable force and continued to be sounded until 
the subject had applied the maximum tolerable force. 
This warning was initiated automatically at both ends 
of the motion. 

Subjects were informed that they were to perform 
this operation as fast as possible and yet maintain the 
necessary accuracy. Throughout the experimental runs 
they were constantly reminded of the criteria of accuracy 
and speed. The experimental runs consisted of work 
periods of 30 seconds each followed by rest periods of 
10 seconds. These runs were automatically controlled by 
the light timing device which flashed the working (green) 
light and rest (red) light. 

The entire project and its over-all objectives were ex- 
plained to each subject. The operation of the experi- 
mental apparatus and the measuring devices were dem- 
onstrated to the subject. The subject was then told the 
exact position to assume in the performance of the task 
and placed in this orientation. The subject was to stand 
so that the handle of the experimental apparatus was 
grasped with the forearm of the subject perpendicular 
to the body at the middle of the 19 inch travel motion. 
The subject was allowed to try the task once to observe 
the action of the contro! buzzer device, which indicated 
that the correct pressure had been applied. 

The subject then grasped the handle and when the 
work (green) light was flashed, he began the experiment 
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by pushing the rack toward the forward force lever and 
applying the force there. Then he moved the rack back- 
ward and applied the force there. This motion was con- 
tinued until the rest light was flashed. Then the work- 
run periods started again when the work light flashed 
again. 

Three subjects were used in this experiment. Originally, 
more subjects had been contemplated to obtain usual 
group analysis data. The first subject performed for five 
30 second test periods. From this extremely short test, 
it became apparent that the data handling problem 
would be overwhelming. So much information is obtained 
from one simple motion through the UNOPAR records 
that the contemplated data handling system (mainly 
manual) would not allow any where near the proper 
type of evaluation of the data available from a normal 
experiment. 

Therefore, it was decided in this preliminary experi- 
ment to run only two more subjects for more prolonged 
test runs, because much information could be gathered 
even from individual subject UNOPAR tape records. 
In addition, this information would be valuable in es 
tablishing the next stage of the experiment. 

All the information used in the analysis of the results 
were obtained by reading the information from tape 
records. This was a tedious and lengthy job. The type 
of data collected is summarized in the next section. The 
correlation coefficients were determined by using a 650 
digital computer. 


RESULTS 


All the direct results were obtained in the form of tape 
recordings from the oscillographic recorder. Figure 2 
shows the information obtained from one complete 30 
second work-run period of one subject. Each of the 
lengthy tests were analyzed, and the data summarized 
in the form shown in Table 1 (Sample). It should be 
observed that for each 30 second work-run period only 
one set of values for acceleration, and velocity and 
deceleration was obtained. The cycle which was analyzed 
was selected at random from among those good at- 
tempts or cycles charted at the maximum tape speed 
of 125 mm per second. This does not include all the 


UNOPAR 


VELOCITY we TIME 


information concerning each run, but the extraordinary 
amount of information available would have required 
a prohibitive amount of time for the manual analysis 
procedure. In addition, it was also decided for the same 
data handling reasons not to integrate and differentiate 
the velocity curves to obtain the position-displacement 
and acceleration-deceleration curves. Therefore the values 
of peak acceleration and peak deceleration were esti- 
mated from the maximum slopes of the velocity curves. 
All these compromises in reduction and accuracy of some 
data were dictated because of the vast amount of in- 
formation available. 

Some of the information included in the analysis is a 
continuous reading of values from the velocity curve, 
the actual acceleration-deceleration curves, the actual 
position-displacement curves, readings from each of 
these other two curves in a continuous manner, calcula- 
tions to compare shape and size of curves at various 
stages of the learning process, inaccuracies of visual 
readings of peak acceleration, and so forth. This in- 
formation and the calculations as a result of the avail- 
ability of this information should become available for 
analysis of forthcoming experiments when electronic 
data processing plans are completed. 

Even so, much extremely valuable information has 
been forthcoming, which portends much for the future 
when all the data will be susceptible to analysis. 

The list of basic and calculated data follows (the data 
are listed with the code numbers used for the analysis 
through the Digital Computer): 


Run Number 
Cycles/run 


Run = 30 second test 

Cycle = one motion forward + one mo- 
tion backward 

(Number of good attempts for forward 
motion per run) 

Backward force (Same for backward motion) 

Peak velocity for forward 

Peak velocity for backward 

Total forward motion time 

Total backward motion time 

11 Time spent in acceleration forward 

12 Time spent in deceleration forward 

13. Time spent in acceleration backward 

14 Time spent in deceleration backward 

15 Peak acceleration forward 


Forward force 
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Fic. 2. Tape Record—30 Second Run Period 
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TABLE 
Summary of Data Collected from Subject J.B. (sample) 


Run Cycles Rua Cycle Dir. Force In tion 
34 16 32 62.0 
B 0 60.0 
B 33.3 
3° 35 32.8 
15 33.0 
26 24 41.9 
31.7 
7 33.0 
36 24 38 .6 
B ~ 32.5 
7 Th 237 F 34 36.1 
B 2 30 . 4 
28 251 22 36.8 
B 12 34.6 
3 308 37.8 
27 32.5 
10 57 46 34.3 
27 32.6 
4 48 35.7 
B 13 35.9 
12 53 wo 17 40.9 
B 37.9 
13 525 5 40.0 
34.0 
14 453 584 45 38.2 
B ti 33.5 
1S 53 O35 46 40.0 
20 34.5 
16 52 673 F 43 40.0 
32.40 
17 52 732 mw 36.8 
B 3 32.0 

18? 


Peak Vel Maximum Ace. Slope Dee. 
4.52 37.0 25.0 26.9 36.8 
5.24 29.7 30.3 32.6 37.3 
6.80 19.6 13.9 63.1 
7.06 19.0 14.3 56.0 14.0 
6.2 18.9 13.9 26.0 32.2 
8.3 21.3 11.7 28.0 41.9 
24.2 17.7 29.5 30.2 
7.2 21.0 10.7 28 5 $5.6 
7.0 22.0 15.2 50.0 61.4 
8.2 19.8 13.2 4.0 66.5 
6.84 23 .2 15.4 53.0 59.0 
7.46 23 .4 9.1 50.5 71.5 
6.92 21.8 14.3 54.9 57.5 
7.96 20.9 53.3 71.4 
6.80 22.9 13.9 56.2 60.6 
21.4 13.2 50.1 66.7 
7.24 22.6 15.2 60.3 
7.00 22.1 10.4 49.6 69.5 
6.06 21.5 12.8 63.0 63.2 
7.64 20.7 11.9 54.5 66.9 
6.36 22.2 13.5 51.6 65.0 
7.92 23.7 12.2 51.5 66.8 
6.92 24.8 16.1 54.5 56.0 
6.16 23.3 14.6 43.4 4.1 
7.56 24.8 15.2 54.3 56.6 
7.32 22.1 11.9 49.7 68 .7 
6.80 24.6 13.6 50.0 67.2 
7.28 22.8 10.7 52.9 70.6 
6.40 27.4 12.6 46.5 63.0 
6.64 21.9 12.6 50.7 67.7 
6.36 24.9 15.1 48.6 56.9 
6.88 22.6 10.3 51.6 72.0 
5.06 22.8 14.0 53.3 63.0 
6.84 20.1 11.9 54.5 68.0 


* Data for these runs were not used in the correlation because of: scale changes, incomplete run, change of speed, of recording device, 


etc. 
t These runs were not monitored. 


16 Peak deceleration forward 

17 Peak acceleration backward 

IS Peak deceleration backward 

19 Percent of time spent in acceleration in forward motion 

20 Pereent of time spent in deceleration in forward motion 

21. Pereent of time spent in acceleration in backward motion 

22 Percent of time spent in deceleration in backward motion 

23 Acceleration time deceleration time for forward 

24 Acceleration time deceleration time for backward 

25 All times in acceleration (f + b) 

26 All times im deceleration (f + b) 

27. «~All peak accelerations (f + b) 

28 All peak decelerations (f + b) 

29 «All percent acceleration times (f + b) 

30 All percent deceleration times (f + b) 

The criteria measurements for most analyses were Run 
Number 01, Cycles per run 02, Total forward time 08 
and Total backward time 09. Good attempts (meeting 
the foree requirements at the end of a motion) 03 and 
04 were determined for each run period. This informa- 
tion was not considered too useful since the measuring 
components developed trouble which led to errors in 
recording. An obvious criterion, total good attempts per 
run divided by total attempts per run, was not used be- 
cause of these errors. However some graphical analyses 
were made using this information but these were not 
too significant. The 01 (run no.) figures are meaning- 
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less, but all data as obtained from the computer are 
presented. 


ANALYSIS OF THE RESULTS 


Basically, the data were analyzed in respect to the 
following outline. 

1. Individual analysis 
(a) Qualitative 
(b) Graphical 
(c) Quantitative 

2. Group analysis 
Significan¢e of difference tests (this was the only group 
test applied for this experiment because there were only two 
subjects from whom sufficient data were collected. When 
the usual number of subjects are used, it will be possible to 
use other group analysis techniques). 


1. INDIVIDUAL ANALYSIS 


(a) Qualitative analysis. Since this type of analysis 
depends strictly on the observation of the curves itself, 
the conclusions drawn from such observation are listed 
under the conclusion of this paper. 

(6) Graphical analysis. Many types of graphs are 
possible with the data collected. Many of these graphs 
are overlapping with some of the correlations discussed 
under the quantitative analyses. Only those graphs of 
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Fic. 3. Peak Velocity vs Run Number for BK. 


most importance and significance are shown. 

From the data available, the following graphs were 
constructed: good attempts forward versus good attempts 
backward, peak deceleration versus time, good attempts 
back versus run number, good attempts forward versus 
run number, deceleration time versus total time, accelera- 
tion time versus total time, peak velocity versus run num- 
ber, percent deceleration time versus run number, ratio 
of acceleration time to deceleration time versus run 
number, percent acceleration time versus run number, 
peak velocity versus total time, peak acceleration versus 
run number, and peak deceleration versus run number. 


FPS. 
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> 
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RUN NUMBER 
Fic. 4. Peak Velocity vs Run Number for J.B. 


Some of the more interesting graphs are shown in 
the following figures. Figure 3 shows peak velocity 
plotted versus run number for subject BK, and Figure 4 
shows the same graph for subject JB. These curves show 
the slight downward trend after the peak velocity had 
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reached its maximum value. Subject BK shows a more 
pronounced learning maximum and drop. Also, the front 
motion peak velocity decreases at a more rapid rate 
than does the back peak velocity. The forward motion 
is that of the arm moving toward the left-hand side of 
the body (the front of the body is parallel to the vertical 
plane which contains the one plane motion). This motion 
is usually considered as the one capable of imparting 
the greatest force and/or velocity. 

Figure 5 shows the peak acceleration plotted versus 
the run number for subject BK, and Figure 6 shows the 
same graph for subject JB. These graphs tend to show 
the usual learning curve effect. There is virtually no 
change after the first five runs. In a sense, learning has 
been accomplished for this task at an early point. In 
some ways, such a task could be used for selecting per- 
sons once criteria were established on the proper number 
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Fic. 5. Acceleration Slope vs Run Number for BK. 


of runs to be used. Another interesting facet concerns 
the very noticeable downward trend of Figure 5. Also, 
there seems to be a cyclic behavior attached to the ac- 
celeration as the run number increases. This might indi- 
cate the presence of a cyclic phenomena in the perform- 
ance pattern of the individual. 

Figure 7 shows the good attempts backward plotted 
versus the run number for subject BK. It has been 
noted that the recording apparatus for the force applied 
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was not working properly, therefore errors exist in de- 
termining the good attempts. However, the mechanism 
was working for this test for BK. In Figure 7 the eyelic 
characteristic is again apparent. 

The learning curves from this experiment are more 
unusual than curves ordinarily obtained. The experi- 
ments, and therefore the curves, continued on far beyond 
the attainment of the peak or “plateau” value. There 
is little reference in the psychological literature to the 
learning curve beyond plateau attainment. “Most actual 
curves are cut short at both ends since we neither start 
from absolute zero of practice nor do we carry the sub- 
ject to his absolute ability” (12). Consultation with a 
psychologist developed the, point that there is no ade- 
quate explanation for kuchYeyeles as yet, although there 

that such cycles 
are present in moods and even smaller portions to work. 


Is some discussion nine 


Such evelic behavior in learning curves would be in 


relation coefficients, although presented in the matrix, were not 
necessarily significant, or their high significance had no real mean- 
ing. 

2. Significance for these cases was calculated by means of the 
standard error of the correlation coefficients. From the calcula- 
tions, a standard error of 05 or less was obtained for correlation 
coefficients of 77 or more. A standard error of .10 was found to 
apply to values of around 50. Therefore anything above 77 was 
considered significant, and anything below 50 was not considered 
significant. Between the two values at 50 and 77, the correlation 
coefficients were considered possibly significant. 


There was nothing of significance in the correlations 
with run number O01. Peak velocity back 06 had the 
highest value at 51 (subject BK), and backward force 
04 at 52 for subject JB. 

In relation to eyeles per run 02 several interesting 
correlations were noted. For subject BK, there is a high 
positive correlation between cycles per run and all peak 
acceleration and deceleration values 15, 16, 17, 18. 
There was no significant correlation with any of the 
percent times for acceleration and deceleration 19, 20, 
21, 22. In effect, this means there is a relatively constant 
percent acceleration and percent deceleration time in a 
motion. There is a somewhat negative correlation with 
time spent in acceleration and deceleration 11, 12, 13, 14. 
(As ecyeles per run increase, time spent in acceleration 
and deceleration should decrease.) There was a high 
significant negative correlation with total time 08 and 
09. For subject JB there was really no significant corre- 
lation at all, even though subject BK had the three 
interesting highly correlated activities. The nonsignifi- 


TABLE 2 


Average and Standard Deviation for the Values of each item 
measured for cach Subject 


opposition to the usual concept of random fluctuations SUBJECT BK. | SUBJECT J.B. 

around the fitted eurve. In future experimentation of the Item Measured \verner a 
type reported here, the testing will continue for much 4 va 

longer periods of time to check the eyelie behavior. In = ~ 

addition the task will be made more difficult to help 03 4.55 0.50 | 44.87 8.22 

make longer the period of time needed to reach the os 24 65 a 4g | 6.21 0.53 

plateau. | 29.02 8.37 7.31 0.55 

fe) Quantitative analysis Pearsonian correlation co- + | 

efficients were found for each pair of values given above. 11 30.18 4.60 23.88 2.31 

one 12 20.91 2.68 13.04 1.91 

are summarized in the correlation matrices shown 13 39 412 11 1 93 

in Table 3. 14 19.78 1.95 13.06 2.53 

15 38.24 4.76 50.53 5.28 

Since it was caster for th ( omputer to do the entire 16 413.00 4.94 | 64.49 4.99 

multiple correlation matrix analysis, correlation among 17 31.81 4.40 | 52.89 4.07 

all the variables were obtained. As can be expected, most | a7 

of the correlation values could be expected and were 20 40.99 4.07 | 26 84 2 87 

lat} 21 62.08 2.52 61.90 77 

generally meaningless. Some of these other correlations 37 08 

might eventually develop some interesting results. Part I 23 1.46 0.25 | oo- 0.24 

24 1.65 0.17 1.65 0.27 

and Part Il were establi hed because the number of 07 451 0 48 671 0 93 

pairs being correlated were different in the two parts. 25 31.39 4-3 22.49 2.54 

26 20.35 41 13.50 2.28 

In discussing the significant correlation coefficients, > 35 03 5 60 5171 4 86 

two factors should be noted: 28 42.96 5.20 65.71 4.96 

29 60.52 3.68 62.53 3.41 

1. The discussion will be related to the four criteria, time 30 39 49 3 67 7 47 3 4] 
forward, time back, cycles per run, and run number. Other cor- _— a _ 
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eant correlations for JB also applied to the percent of 
acecleration and deceleration. 

In relation to total times 08 and 09, there was a high 
degree of correlation between the two themselves. For 
BK, both time values were highly correlated with the 
times in acceleration 11 and 13 but not so highly related 
with time in deceleration 12 and 14. This might be ex- 
pected, but it appears here that acceleration is more 
dominant in determining total times. For subject BK, 
both values were highly negatively correlated with peak 
acceleration and deceleration valiies 15, 16, 17, 18 with 
the peak deceleration values slightly higher. In the same 
manner as with eveles per run, neither time values were 
highly correlated with pereent acceleration and decelera- 
tion values. There was likewise no correlation with peak 
velocity. For subject JB, the same relative relationships 
were found for the total times in relation to themselves. 
There were significant values in relation to peak aecelera- 
tion and deceleration but there was not the degree of 
dominance of one over another. For the other factors, 
subject JB had the same type relationships, except some 
of the correlations were not quite as high. Subject JB 
did have a negative .69 correlation of peak velocity back- 
ward with forward time. The conclusions take note of 
this relationship. 

In general, both subjects showed the following results, 
but subject JB did not have as significant values as BK. 
Time spent in acceleration backward is correlated with 
peak deceleration forward. Peak deceleration forward is 
correlated with peak acceleration backward. Likewise 
peak acceleration forward is correlated with peak decel- 
eration backward. These results indicate there is some 
relationship among motions. For all practical purposes, 
the percent of time in acceleration and deceleration are 
not related to other factors. 

In reviewing the second part correlations, subject BK 
had somewhat significant values relating peak velocity 
with other faetors like time in acceleration, time in 
deceleration, peak acceleration slopes, and peak decel- 
eration. These are somewhat to be expected because of 
the decreased time a higher peak velocity should de- 
velop. Of probably greater significance is the relation- 
ship between peak deceleration and time in acceleration. 
This shows the somewhat dependent nature of motions. 
Other values of significance were those which could be 
expected, For subject JB these results were not the same. 
As a matter of fact, there are no significant coefficients 
worthy of discussion. 

Non-linear correlation coefficients were not used be- 
cause linear correlations provided satisfactory approxi- 
mations in view of the accuracy of the data, and insuffi- 
cient evidence that any data were really non-linear. 
Such analyses will be used in future work, especially on 
borderline linear correlation cases (non-linear correla- 
tion values will be essentially higher than linear corre- 
lation values). 
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2 GROUP ANALYSIS 


The significance of difference tests could be made for 
two general classes of information. 

(A) For means of various measurements. These tests would 
not be useful because it is already general knowledge that signifi- 
cant differences from person to person should be expected. Since 
there is no effective way of separating the operator effects from 
other variables (as in analysis of variance), no significance of 
difference tests were calculated for the raw data itself. 

(B) For the correlation coefficients. In general, the significance 
of difference tests for correlation coefficients were used only where 
it appeared necessary to draw proper conclusions. For example, cy- 
cles per run 02 were highly correlated with peak acceleration and 
deceleration values 15, 16, 17, and 18 for subject BK. but these 
values were not particularly related for subject JB. By using the 
critical ratio approach for testing difference significance, there 
was a certainty beyond reasonable doubt that there was a signifi- 
cant difference in most of these correlation coefficients. This 
affects the strength of any conclusion which might come from 
subject BK’'s data. The correlations between cycles per run 02 
and time in acceleration and deceleration were lkewise different 
for the two subjects. There was only a fairly certain significant 
difference (a critical ratio of 2 to 3) for three of the four values 
in this series. This same result was obtained from the correlation 
concerning total time. 


In relation to the total time correlations 08 and 09, it 
was pointed out that subject BK had high correlation 
with peak acceleration and deceleration 15, 16, 17, 18, 
but that subject JB’s correlations were not as high. There 
was only one out of eight critical ratios which was high 
enough to conclude there was a fair degree of certainty 
that a significant difference was present. Subject JB 
showed a significant correlation of time with peak ve- 
locity, and this was significantly different from correla- 
tion for BK. 

For some of the other correlations, for example, be- 
tween 13 and 16, and between 15 and 18, there was a 
significant difference. This substantiates the previous 
comments indicating that subject JB did not have corre- 
lations as high as subject BK. 


CONCLUSIONS 


The conclusions from this experiment are somewhat 
limited because of experimental difficulties and the diffi- 
culties of handling the data. This is apparent from the 
way the analyses were made. In particular, the sections 
entitled Qualitative Results and Qualitative Conclusions, 
indicate the nature of these remarks. 

As in all research, these limitations in many cases point 
the way toward more experimentation and future re- 
search projects. With this in mind, the conclusions will 
be presented in two sections. One will concern those 
made from a qualitative analysis, and the other will 
concern those made from the quantitative and graphical 
analyses. 


QUALITATIVE CONCLUSIONS 


1. Absence of change-in-direction delay. As noted on the 
UNOPAR tape (Figure 2) the velocity plot moves directly 
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through zero (across the center line of the velocity curve) with 
no pause or hesitation due to the change in direction. This find- 
ing agrees in many respects with simple harmonic theory. Classical 
motion and time study concepts indicate that delay time should 
be expected with a change in direction. 

2. Acceleration is much slower in almost every case thin de- 
celeration. (This conclusion is limited to the experimental nrotion 
of this test; other motions may provide a different pattern.) The 
peak acceleration in almost every cycle is much less than the 
peak deceleration. This is a reversal of the hypothesis that most 
engineers accept; that a person tends to accelerate more quickly 
and then drift or decelerate more slowly back to zero velocity 
when he attempts to stop for the purpose of (like this experiment) 
overcoming a force at the end of the motion. 

3. There is a very rapid deceleration near the point of initial 
contact with the force lever. In every case there is a very rapid 
deceleration indicated by the steeply-sloped, small deceleration 
portion of the velocity curve (slight bump on the back side of 
the curve). This indicates there is a considerable change in velocity 
slightly after the point of initial contact with the force lever. The 
velocity of the subject's hand was decreased because the force he 
was trving to overcome increased, or he recognized that he now 
had to start greater control of his motion. Another point of sig- 
nificance here is the sensitivity of the measuring device UNOPAR. 

4. Effects of learning. There is some indication that the 
curve shape and appearance change with increased learning. When 
better quantitative analysis techniques are available this should 
be a highly significant value of UNOPAR measurement. At the 
beginning of the operation, the velocity curves have a somewhat 
flat-topped appearance with a non-symmetrical distribution about 
the peak velocity point as axis. However, as the number of cycles 
increase, the velocity curves become more sinusoidal in shape, 
but still non-symmetrical. There is not the flat-topped appearance, 
and there is an indication that the curves tend to become more 
symmetrical. The patterns themselves become much more smooth 
and rounded in their formulation, and this could be an indication 
of learning. 

5. No observable constant velocity. Contrary to classical belief 
(2) that motions are comprised of a certain period of acceleration 
(40% of the time) a period of constant velocity (20% of the time) 
and a period of deceleration (40% of the time) the velocity plot 
indicates there is no such thing as a period of constant velocity. 
There is simply a period of increasing acceleration to a peak 
velocity point and then a period of decreasing deceleration back 
to the zero or change of direction point. This has important con- 
notations for eventual developments in time study rating or pace 
comparison. 

6. Over-all implications in relation to Items 1, 2, 8, and 5. The 
above mentioned conclusions seem to be applicable at all stages 
of learning. This indicates that there may be a basic motion 
characteristic for the activity which remains unchanged regardless 
of the curve characteristic indicators which are superimposed at 
earlier stages of learning. Therefore, once information about the 
additional curve indicators is obtained, this might provide a means 
for reducing the learning time on a job. 

7. Training Potentialities of Velocity Curves. It is possible 
through a careful study and analysis of a set of velocity curves to 
obtain a clear picture of the motions which form these curves. 
During the course of the experiment a study was made of velocity 
curves obtained from an operator performing motions at random 
with speaker-frame apparatus. Many of the motions involved stops 
and starts not included in the experimental motion reported. A 
new subject was then instructed to perform one of the specific 
random motions which the analyst had studied. The new subject 
received directions for performance of the selected random motion 
in terms of accelerations, velocities, and decelerations. The re- 
sulting velocity curves of the new subject matched the original set. 
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indicating that training was facilitated by these instructions. The 
ability to describe completely the motions used in the performance 
of a job should greatly facilitate the entire training process since 
the proper performance of a job could be recorded on the 
UNOPAR tapes to be used in training new operators. A direct 
comparison between the trainee’s performance at any time and 
the “correct” method can be made. The trainee can then be 
instructed on the areas where there is a difference between methods 
and in so doing a shorter training period should be reached as 
well as a greater certainty of similarity of methods. 

Such records of methods will also be helpful in methods de- 
scriptions portions of time study. 

Many other conclusions will be available from the data when 
complete data handling procedures are used. The basic data 
curves of acceleration-deceleration versus time, and displacement- 
position versus time will be available to obtain still further in- 
formation. 


QUANTITATIVE AND GRAPHIC CONCLUSIONS 


1. From various graphical techniques and experimental data, 
it is apparent the operators learned this job within an extremely 
short period of time. Although this conclusion may have been 
drawn from ordinary “production” data on such a job, every other 
variable connected with the operation showed the same trend 
This is a definite base for later experiments which can attempt 
to find more specific measurements highly correlated with output 
and learning. 

2. Although one subject BK showed a high correlation with 
peak acceleration and deceleration (peak values and times), there 
were no high correlations for subject JB with any criteria (except 
possibly a slight correlation with one measure of peak velocity). 
This indicates there might be a possibility that peak acceleration 
and deceleration (rather than peak velocity) values are the most 
important factors related to output. 

Two seemingly conflicting sets of results were obtained in rela- 
tion to determining which factor, peak acceleration or deceleration, 
was more highly related to output. When relating time with 
acceleration time for subject BK, it appears that acceleration is 
more dominant in determining total time. However in relation 
to peak acceleration and deceleration values, peak deceleration 
was very slightly higher in its relationship with total time. Which 
is most important, or what is the proper combination of factors 
will have to be determined in future experiments. Such determina- 
tion of factors affecting time for performing a job is important in 
development of an index of human performance. 

3. From both quantitative (correlations of 02 with 19, 20, 21, 
and 22), and graphical data, it appears there is a constant percent 
of acceleration time and constant percent of deceleration time 
within a motion. This is true regardless of the stage of learning. 
For these experiments, it appears that 38% of the time is spent 
in deceleration and 62% in acceleration (subject JB had 62% for 
acceleration and BK 60.5%). 

4. There wa much evidence to show that motions are inter- 
dependent, and that one aspect of a motion is highly dependent on 
another aspect of another motion. For example, forward force 
03 is highly correlated with peak acceleration and deceleration 
backward. Which is the cause and which is the effect is not known. 

Subject JB had a fairly high correlation of peak velocity back 
with forward time; the peak velocity reached in the backward 
motion was highly correlated with the forward time. There were 
many other correlations which likewise indicated interdependence 
of motions. Time in acceleration backward 13 with peak decelera- 
tion forward 16, peak deceleration forward 16 with peak accelera- 
tion backward 17, and peak acceleration forward 15 peak decelera- 
tion backward 18 were highly correlated. 

5. There was some indication of a downward trend in the 
learning process after the peak had been reached. This is shown 
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expecially in Figures 3, 4, and 5. Even Figure 6 shows some of 
this. Future experiments will involve longer test periods to provide 
more information about “production” to help evaluate this down- 
ward trend 

6. A evyehe characteristic seems to be present in some learning 
curves, ike Figures 5 and 7. Like conclusion 5, this is somewhat 
unusual, and may be an important chdfacteristic of learning. 
This phenomenon will be investigated further by longer experi- 
mentation 

7. People are not able to perform identical motions in opposite 
directions with the same de gree’ of facility For example, back- 
ward motion was the most difficult to perform properly. The 
force was hard to keep within limits. This is shown by visual 
inspection of the curves, and by the correlation between backward 
force and run number. Likewme, Figure 4 shows ‘an interesting 
contradiction. The front peak velocity decreases more rapidly 
than the back peak velocity after reaching the plateau peak An 
attempt was made to find the relatronship between good attempts 
forward and good attempts back, but mechanical difficulties in 
testing prevented this 

8. The peak velocity values (Fig. 4) for subject JB decreased 
slightly as the test progressed while the peak acceleration values 
(Fig. 6) staved about the same. It is possible that the subject 
(subject BK did not show this relationship) had learned to make 
a greater utihzation of the acceleration effort by not continuing 
in acceleration for as long*‘a penod of time as in earlier trials. 
Yet, the subject was achieving the same productive results (meas- 
ured in terms of any of the ertera). In effect, it appears that 
the same peak acceleration was being achieved, but the rate of 
acceleration after reaching this peak decreased more rapidly with 
learning, thereby resulting in a lower peak velocity. One aspect 
of learning to be checked further may well be the ability to make 
a greater utilization of the acceleration eflort by not reaching as 
high a velocity in performing work after le ngthy practice as 
reached in carly Correlatrons between 02-05 and 02-06 indi- 
cate somewhat the same cohelusion, 

0. There was a significant interaction of peak velocity forward 
05 and total time backward 09, and peak velocity backward 06 
and total time forward OS for subject JB, but not for subject BK. 
JB performed on the more difficult job (eloser force limitations). 
A question therefore arises concerning performance time: Had 


JB not performed long enough or had BK performed “too long”? 
Such correlations, or lack of correlations, could possibly become 
true measures of learning. Even though the classical learning 
curves showed that a constant level of “production” had been 
reached, this phenomena may be an indicator of the acquisition of 
skill for BK, or an indication of inherent different levels of skill 
between operators. 
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FUNDAMENTALS An expert on the subject, Phil Carroll, shows you 
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men, supervisors, engineers, timestudy men—all can 
use these specific facts, data, and methods to get on 


Starting right at the front-line supervisory level, 
this Library points out the foreman’'s responsibilities 
for costs—gives scores of helpful suggestions on such 
typical foreman cost problems as changing setups, 
training new men, handling rush orders, eliminating 
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From the ABC’s of timestudy, this Library leads 
you step by step through the standard-setting proc- 
esses. Complete, practical explanations cover the 
entire timestudy procedure—how and where to start, 
building standard data, applying standards, and 
maintaining a complete incentive installation. 

A full explanation of the total-conversion-cost 
method of control gives you tested means of boosting 
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The Changing Aspect of 
Industrial Engineering: 


by S. E. SCHARFF 


4 


D vrinc the first half of this century the productivity 
per man hour in American industry increased from 53 
index units to 165 index units. It is estimated to have 
reached approximately 185 index units in 1957. In com- 
parison with other countries American productivity 1s 
impressive. Taking our productivity in recent years at 
100, Canada is the runner-up with a 73, while the next 
closest country shows about 40. (There are no reliable 
figures available for Iron Curtain countries.) 

This productivity has been recognized abroad, and 
through intergovernmental agencies some 17,000 foreign 
technicians have come to this country since World War 
II to observe and study our factories and techniques. 
The report of such a visit made by a team representing 
the French Association for the Improvement of Produc- 
tivity included the statement that, “In the United States 
productivity is a state of mind. It is the mentality of 
progress, of constantly improving what there is. It is 
the willingness not to be content with the present situ- 
ation, however good it may be.” 

All of us are justifiably proud of this record and of 
comments from outsiders such as the one I have just 
quoted. However, our pride is dangerous in that it is 
difficult for us to be proud and dissatisfied at the same 
time; and dissatisfaction is one of the foundations of our 
progress as the French have noted. 

In trying to balance our thinking between pride and 
dissatisfaction, perhaps taking a look at our position as 
1958 model industrial specialists would be of interest. 
Just where do we stand in relation to the national econ- 
omy today? 

In a recent appraisal of the general economic outlook 
for this country for the next decade MacKay-Shields 
Associates, Inc., of New York, economic consultants, 
made some rather unusual statements. They were un- 
usual for several reasons, but perhaps most because of 
their optimistic tone. This optimistic forecast stems from 
a number of basic situations, but predominant through- 
out the discussion is the emphasis placed on research 
and development, and the effect they have had (and 
will continue to have) on our economy. The belief is 


* Based upon a presentation to the Oklahoma City Chapter, 
AITTE, Cost Control Clinic, February 15, 1958. 
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District Supervisor of Industrial Engineering, Ernst & Ernst, Houston, Tezas 


expressed that the doubling of expenditures for research 
and development during the past ten years has resulted 
in this nation being not in a single technological revolu- 
tion, but in no less than sixteen separate, although inter- 
related, technological revolutions. 

According to Mr. Shields, these sixteen technological 


revolutions are as follows: 


1. A revolution in research itself, through utilizing new clec- 
tronic and atomic tools and techniques. 

2. A revolution in medical technology which, with increased 
birth rates, is causing a “population explosion.” 

3. A revolution in population redistribution to suburban and 
southern areas. 

4. A revolution in income redistribution with great increases 
in middle income brackets and fewer poor people. 

5. A revolution in techniques to handle clerical jobs. 

6. A revolution in the production of power due to atomic 
developments. 

7. A revolution in production techniques through electronic 
automation. 

8. A revolution in distribution through new methods and de- 
vices, 

9. A revolution in agriculture through chemical as well as 
mechanical developments. 

10. A revolution in metallurgy as new metals and alloys be- 
come available. 

11. A revolution in transportation as new engines, new fuels, 
new roads and new waterways come into use. 

12. A revolution in communications as transistors and closed 
circuit television become prominent. 

13. A revolution in education as we take advantage of closed 
circuit television and other techniques. (It is my personal 
hope that this revolution in education will include a re- 
turn to the teaching of reading, writing and arithmetic to 
our children in grammar schools, and of mathematics and 
science in our high schools. This nation cannot survive if 
it does not.) 

14. A revolution in the art of warfare through missiles, nuclear 
devices, etc. 

15. A revolution in planning by government, business and fi- 
nance through the use of statistical analyses of problems by 
electronic computing devices. 

(Please note carefully this 16th revolution.) 

16. “A revolution in management techniques which are slowly 
evolving into a science, assuring that all of the other fifteen 
revolutions will be put to use by business to improve 
productivity and production.” 


Need I point out to you that “management techniques” 
and “to improve productivity and production” are 
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phrases which are synonymous with Industrial Engineer- 
ing? 

This 16th revolution which is forecast after sound 
reasoning by an authority in the field of economics 
should be a challenge to each of us who is a member 
of the production team, and to Industrial Engineers in 
particular. 

To determine just how much of a challenge this fore- 
cast presents to us and why it is important, let’s ask our- 
selves a few questions and see if we can find answers to 
them. I have brought along with me a genuine crystal 
ball to assist us, and am in a position to bring into play 
an Ouija Board if necessary. 

First Question: Why was it said that “management 
tech niques are slowly evolving into a science?” 

Until late in the last century management was a 
haphazard and individualistie entity which had de- 
veloped “willy nilly” in the hundred odd years which 
had elapsed since the Industrial Revolution. Few of its 
principles had been codified, perhaps because it was 
predominantly unprincipled. The picture which comes 
down to us of those years is one of ruthless exploitation 
of the possibilities of the moment, with a blind trust 
in the manifest destiny of our nation and our economy 
to take care of the future. 

[t is difficult to reconcile such a picture with the 
origins of industrial organizations which we know today 
as enlightened and progressive companies which com- 
mand the respect of the general public as well as of their 
customers and employees. Yet many such companies 
had their origins in those years. 

Obviously a change oecurred somewhere along the 
line. I believe that two factors were primarily responsible 
for that change: 

1. An awakening social consciousness finally recognized the 
shameless exploitation of labor, and realized that labor or- 
ganizations were not all monsters. 

2. The advent of analytical thinking in relation to industrial 
problems. 


It seems to be a characteristic of important discoveries 
and of significant new ideas that their inherent simplicity 
is astonishing—that is once discovered or stated. So it 
should not surprise us too much that it took over a 
hundred years for someone to decide that problems re- 
lating to the production of goods could be subjected to 
a reasoning, quantitative analysis somewhat akin to tech- 
niques used by engineers in dealing with problems not 
involving human beings. 

So we find that there evolved from the turmoil and 
ferment of those early years three men who (rightly or 
wrongly) represent in our thoughts the three basic con- 
cepts in which the profession of Industrial Engineering 
found its origin. Those three men were: 

Taylor, who represents to us “time,” or how long it should take. 

Gilbreth, who represents to us “method,” or the best way to do 

it. 
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Gantt, who represents to us planning or scheduling. 


Regardless ©f how simple in concepts or how crude 
in application, these three basic ideas were (in essence) 
the whole of Industrial Engineering for many years. 
With certain possible exceptions Industrial Engineering 
was (in essence) the whole of “modern management” 
during those years. 

Taylor began his work in 1881. By 1912 the practi- 
tioners of Taylor’s and similar techniques had brought 
them to such questionable repute as to warrant a Con- 
gressional investigation. At that time Taylor testified 
that his techniques were “scientific.” We know that this 
was questioned by many. I can testify that as late as 
the early 1930's an Industrial Engineer had precious few 
techniques or refinements available to him other than 
the three basic concepts referred to above. I_can also 
testify that, in those days, an Industrial Engineer was 
never quite sure of his status in society or in industry. 
He was somewhere between a knight in shining armor 
and the despised efficiency expert. Remnants of this 
questionable status are still found, but fortunately on 
fewer and fewer occasions. 

Actually the past twenty years have produced perhaps 
90°% of the refinements, advances and new techniques in 
the management and Industrial Engineering fields. So, as 
a broad generality, we might say that it took us half a 
century to start bringing our profession out of its de- 
servedly questionable beginnings and into some sem- 
blance of a scientific approach. 

Is there any wonder that Mr. Shields says that “man- 
agement techniques are slowly evolving into a science”? 

Second Question: What has happened in the past 
twenty years to justify hopes that management tech- 
niques will actually qualify as “scientific” some day? 


First, and perhaps most important, we have recognized that our 
techniques and methods are not scientific, and an increasing num- 
ber of us are acquiring the guts to stand up on our hind legs and 
admit it. 

Second, research is nibbling away at unscientific features and is 
gradually reducing the element of judgment involved in so much 
that we do. 

Third, we are using mathematical tools which have been availa- 
ble for years, but which we were regrettably slow in adapting to 
our use. ° 

Fourth, new concepts and ideas are occurring with increasing 
frequency as a result of more people with better education and 
background consciously and with malice aforethought searching 
for them. This is another aspect of research. 

Fifth, we are borrowing concepts dnd ideas from other sciences 
or professions and adapting them to our uses. 

Sizth, practitioners are recognizing that the strange products 
of the academic world are not the playthings of pale-faced scholars, 
but that a large portion of those products can be used to ad- 
vantage in practical applications. 


Dean David of the Harvard Graduate School of Busi- 
ness Administration once stated, “Usually some label 
of academic calm or ivied walls or ivory towers is put 
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on those who work in universities. I sometimes think 
there are today more ivory towers in the business com- 
munity than in the universities. Far too many business- 
men have secluded themselves with their own groups 
without opening their minds to what is happening... .” 

That puts the monkey on our back, but I must admit 
that I cannot help but agree with him. 

Along this same line, it is interesting to us old timers 
to recognize the difference between the present attitude 
of business and industry as a whole towards a college 
education and that same attitude twenty-five or thirty 
vears ago. 

In those days a young engineer was pretty apt to be 
told to forget his highfalutin education and get some 
“practical” experience. Those days are gone and with 
them most of the thinking which looked upon higher 
learning as a frill, regardless of whether it was acquired 
in a university or at night alone and at home. 

There are a number of reasons for this change. So 
many more people of all economic groups of society are 
acquiring higher learning that it has lost its “class 
stigma” and thereby is more readily palatable to some 
people. However, the plain and indisputable fact is that 
people who have become educated—regardless of how or 


where—have out-performed the so-called “practical” 


man by so wide a margin and in so many instances that 
there remains no serious question of supremacy. 

I dislike using the words “scientific” and “practical” 
in a contrasting sense, because science is as practical as 
anything can possibly be. It is only the impractical who 
have been unsuccessful in adapting science to practical 
use. However, in the accepted lingo of a few years ago 
the educated man has beaten the “practical” man_ by 
being more nearly scientific in his approach and practice. 
But, let’s be a little more specific for a change, and cite 
a few examples of what is recent or new in application 
and in research. 

A number of people are trying to relate elemental 
times to basic motions, and to produce standard data 
more accurate and more nearly universal in its applica- 
bility. Several “systems” of such data are in use today 
and are being refined and improved almost constantly, 
through use and through research. 

At least one group is doing basic research on the 
exact nature of body motions. They are measuring 
velocities, acceleration, deceleration, etc., using the 
Dopler effect as the means of translating those motions 
into readily measurable entities. 

Adaptations of statistical techniques are becoming 
commonplace. Statistics offer one of the most readily 
available sources of refinement and original thinking. 
Adaptations include work sampling, quality control and 
numerous others. Research continues on the range of 
human capabilities. Statistical and other mathematical 
and analytical approaches have resulted in such tech- 
niques as operations research with attendant tools in- 
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cluding queueing theory, theory of games, linear pro- 
gramming, Monte Carlo, model making, gaming and 
other devices used in solving management problems. The 
very names of these devices are still strange to many of 
us. 

The list is long, so let’s let it stand as it is. However, 
we should realize that each of these named (and many 
unnamed) is a device which we can use to arrive at a 
better, more nearly scientific, answer to some problem 
which would have gone unanswered or half-way an- 
swered 10 or 20 years ago. We are making progress 
toward becoming scientific! 

Third Question: How are we failing to keep pace with 
these developments, and what, in general, is our primary 
shortcoming? 

I do not know that we are failing to keep pace with 
these developments. The recent growth of technical so- 
cieties and the interest displayed in published literature 
is evidence to the contrary. Your presence at this splendid 
clinic is evidence to the contrary. (Incidentally, I would 
like to commend to your attention the Journal of Indus- 
trial Engineering. During the past two or three years it 
has developed into a publication of which ALLE can be 
proud and which is an excellent source of information on 
new developments. ) 

We may, however, be failing to do all that we can to 
further the cause. I think our greatest failing is in not 
keeping our superiors (and in particular, top manage- 
ment) appraised of new possibilities, and in not educat- 
ing them to use what is new. Too often the impetus is 
not from us, but from the top as a result of “the boss” 
having read an article in some journal of business or 
finance. Even when we are well informed of new de- 
velopments, we are pretty poor salesmen in too many 
instances. 

As to our primary shortcoming, I believe it lies in the 
imaginary boundaries we ourselves have used to circum- 
scribe our sphere of operations. We think of ourselves 
too often as limited to matters pertaining to direct labor 
and the production of goods. As examples, matters per- 
taining to the production of clerical records would be 
beneath our dignity, or matters pertaining to indirect 
labor are the problem of the plant engineer, not ours. 
Yet each of these two items is consuming an increasing 
portion of the sales dollar, year after year. 

In the past fifty years the ratio of clerical employees 
to productive employees has increased ten fold, and the 
ratio is getting worse all the time, in spite of the high 
degree of automation already available. How many of us 
realize that our techniques are directly applicable in this 
field? And of those who realize it, how many are willing 
to do something about it within their respective com- 
panies? 

In these days of increasing automation indirect labor 
is increasing rapidly (particularly in maintenance per- 
sonnel) while direct labor is decreasing. In the process 
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industries where automation is relatively advanced, 
maintenance crews are nearly as large as operating crews 
now, and in the near future will be larger than the operat- 
ing crews. How many of us have recognized this and are 
doing something about it within our respective com- 
panies ? 

Too often we have failed to pick up the challenge of 
bemg management instead of working for management. 
We must realize that a modern business is so complex 
and its components so closely interrelated that the carving 
out of a single segment as our sphere of operations is 
dangerous and unjust to ourselves and to the business 
itself, 

To do this we must not only keep pace with new 
developments in our own and related fields, but we must 
also acquire a better knowledge of the fields and prob- 
lems of.the other members of the management team. 

How many of us know the problem of, or stand ready 
to help, the top sales executive of our company? How 
many of us realize that nine out of ten of us have at 
our fingertips knowledge and techniques which could 
help hint tremendously? How many of us realize that 
the answers he is searching for will materially affeet our 
work on the production floor? 

How many of us know the problems of, or stand 
ready to help, the top financial executive of our com- 
pany? The Controller? Yet they could use our help, and 
their decisions may well have a material effect on our 
own work on the production floor. 

How many of us know the problems of the chief ac- 
countant or cost accountant? How many of us realize 
how closely related our own activities are to those of 
the cost accountant, particularly if our company has a 
standard cost accounting system? 

How many of us share the problems of the personnel 
manager, or realize how closely they relate to our own 
problems? 

My experience has been that_the answers to these 
questions are unfavorable in far too many instances. 

And so our challenge in this 16th revolution is a 
three-fold challenge: 


First, to yealously guard and foster dissatisfaction. 

Second, to learn and to use each new development or technique 
to mesure that our work uw the best that can be done. 

Third, to erase the imaginary boundanes that surround us and 
to apply our abilities in areas we have shunned in the past. 


If we fail to pick up this challenge I can assure you 
that some other group will do so. I feel sure that you 
realize that the sole requirement for founding a new pro- 
fession today is to concoct a new jargon, so don't bother 
wondering which group might pick it up if we don’t. 

But if we do pick up this challenge we will find that 
we are welcomed to the councils of the great; and almost 
before we know it, we will have become an indispensible 
part of the management team. 
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Waiting-Line Models in Materials Handling 


by ROBERT B. FETTER 


Assistant Professor of Industrial Management, Massachusetts Institute of Technology 


and HERBERT P. GALLIHER 


Assistant Director, Operations Research Project, Massachusetts Institute of Technology 


Tue OBJECT of this paper is to give an expository 
treatment of the application of “waiting-line” models in 
determining the least-cost number and type of materials- 
handling facilities to provide in a given operation. Be- 
cause individual materials-handling requirements vary 
so much from one situation to another, only general 
principles can be treated, and illustrations given with 
what may seem to be relatively artificial situations. 

Our chief interest is to indicate that waiting-line 
analyses of the materials-handling function in production 
yield more realistic measurements of the effects on total 
production rate and costs of a characteristic but evasive 
phenomenon of all production. This phenomenon is that 
of the cumulative effect of random delays, in this case 
delays in handling materials. By radom delays is meant 
no more than the familiar ones which always occur dur- 
ing a shift or day due to randomly spaced requests for 
goods to be moved, or to variations in the time required 
to perform jobs. 

The cumulative effect of such delays, which can be 
viewed as random variation in production flow, is diffi- 
cult to measure short of utilizing the rather sophisticated 
mathematical statistics of waiting-line theory. This 
theory has, however, had application elsewhere in In- 
dustrial Engineering, notably in textile mill operation 
and in telephone engineering, the latter field having 
pioneered its development. In this paper, the mathe- 
matical methods shall be avoided and concentration 
made on approach and problem formulation. A sub- 
stantial technical literature is available to the inter- 
ested reader, some of which will be found in the list of 
references. 

As a focus for discussion, the operation of material- 
handling units to transport goods between producing cen- 
ters in a factory has been chosen. In the discussion, the 
decision as to types and number of units to provide and 
the consequent average delays predicted by waiting-line 
formulations is related to the basic economic considera- 
tions of least over-all production cost. 


*The research underlying this paper has been supported in 
part by the Army Office of Ordnance Research under contract 
DA-19-020-OR D-2684, at M.I.T. and in part by the Sloan Research 
Fund of the School of Industrial Management, M.1.T. 
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OPERATION OF MATERIALS-HANDLING CREWS 

The problem envisaged here occurs typically in a 
fairly large job-shop. A considerable volume of materials 
and partially finished work must be transported con- 
tinually from some department to another. Usually this 
work is the responsibility of a materials-handling depart- 
ment, staffed with the crews and equipment necessary, 
which receives calls from many producing centers to 
render service for a variety of moving jobs arising during 
a day's activities. 

In such an operation the assumed objective of the 
materials-handling effort is to move materials at least 
cost, considering the cost consequences both of delays 
and of investment in moving facilities. In some cases 
advanced scheduling of moves is possible. However, the 
problem of interest here is the not infrequent case im 
which, due to the very size, complexity and activity of 
the plant, calls for materials-handling units cannot be 
predicted much in advance, if at all. Instead, these calls 
occur in some random fashion, steady in average rate, 
but at any given time exhibiting considerable variability 
in frequency of occurrence and in kind of service re- 
quested. Thus, the materials-handling facilities may be 
swamped at one time and idle soon after. 

The result is a kind of congestion problem, in which 
it is no longer easy to predict the least-cost materials- 
handling capacity to provide. Delays in movement due 
to insufficient handling capacity mean an increase in the 
amount of in-process inventory associated with a given 
outflow of finished goods. Too large a capacity on the 
other hand, in addition to getting in its own way, will 
not pay off in a commensurate reduction in delay. 

The use of waiting-line models to determine the opti- 
mum balance between cost of facilities and cost of delay 
represents a sophisticated but practicable and effective 
approach. The sophistication may be illustrated in terms 
of a single lift truck whose average moving task takes 
15 minutes, though the time required varies in a random 
fashion from one job to the next. Table 1 displays the 
resulting delays and the net average percentage of time 
the truck is busy for various “loadings” measured in 
average number of calls for work per 15 minutes. Some 
assumptions are made here concerning the kind of prob- 
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TABLE 1 
Delays and Idle Time for a Single Unit with Various Loadings 


Loading, in calle per 15 Average “) of time truck Average delay, in hours, of goods 


minutes w idle to be moved 
03 
.§ 50 25 
20 1.0 
10 2.25 
OF 5 4.7! 
24.75 
1.00 0 Infinite! 


(The assumptions underlying this table are that calls are dis- 
tributed according to a Poisson distribution and service times 
according to an exponential. These distributions are discussed 
in the article.) 


ability distribution which deseribes calling and servicing 
intervals. These will be explained later and an indication 
given of the kinds of probability distributions which may 
be anticipated in various operational situations and 
which may be readily utilized in the mathematical cal- 
culation of the waiting-line formulations. 

It can be seen from Table 1 that if delays are to be kept 
below 15 minutes per call on the average, the truck must 
be idle half the time. On the other hand, if the trucks 
are kept nearly always busy, the average delay is quite 
large. These paradoxical comments do not exaggerate 
the consequences which must be faced in a congestion 
situation. Rather, they stress the need for explicit bal- 
anecing of costs. A truek crew which is almost always 
idle may by no means be uneconomic if there are com- 
pensations in terms of reductions-in delay. 


THE ECONOMIC PROBLEM 


The basic economic problem is one of determining the 
amount of materials-handling capacity to provide, The 
cost of additional handling facilities must be balanced 
digainst alternative costs incurred by delays in move- 
ment. Whenever there is any variability present in such 
situations, then delay will occur if when a eall arrives 
all handling facilities are busy with prior calls. This 
delay could have been avoided if more handling units 
were available. There is, therefore, some optimum level 


of facilities at which the cost of additional handling ”* 


facilities is just balanced by the delay cost saved. 

The cost of additional handling facilities is made up 
generally of two parts: 1. a fixed cost occasioned by in- 
vestment in physical equipment, and 2. variable ex- 
penses, primarily those due to labor and maintenance. 


FIXED COST 


Any costs which will be incurred whether the handling 
units are operated or not should be included in the fixed 
cost category, while those associated with operation 
should be included as variable costs. The fixed cost is 
necessary in order to determine the optimum investment 
in handling units. For example, if the average volume 
of movements changes due to changes in production level 
from shift to shift or seasonally month to month, the 
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cost of delay would be computed for each possible set of 
facilities and the optimum set established by balancing 
this cost against the fixed cost associated with each set. 
Then, given this set of facilities, the optimum operational 
level (number to man) as the volume of movements 
changes can be established by balancing the cost of de- 
lay versus the variable cost of operating additional 
trucks. 


COST OF DELAY 


The cost of delay is somewhat more difficult to deter- 
mine than is the investment cost. For this reason it is 
apt to be overlooked. It is often expressed in several 
forms, one of which is extra costs of expediting and 
supervision, and another, loss of production. 

A subtle but potentially appreciable component of the 
cost of delay is that occasioned by the additional in- 
process inventory which results from delay. This cost is 
equivalent to a reduction in turnover, and an increased 
cycle time for producing any given lot of finished goods. 
To illustrate this, suppose that a given job must pass 
through a number of departments in the course of produc- 
tion, and that it must be “handled” in going from one 
department to the next. Its total production time, from ~ 
start to finish, is the sum of the processing, or job, times 
in the departments plus the handling times. If these 
handling times include a delay, then a simple algebraic 
analysis will show that if 

' average delay per job 

average production time per job if no delay occurs 
then the ratio of net flow (including delays) of finished 
goods, to capacity flow (without delay) is 

l 


= fraction of turnover capacity actually achieved 

This last is the fraction of the capacity rate achieved 
with some given set of facilities. As facilities are in- 
creased (and, therefore, d decreased), this fraction ap- 
proaches unity, but only of course at an increasing cost. 

Since costs of idle personnel, lost production and extra 
in-process inventory are usually known on a unit basis, 
there is no great difficulty in costing a given delay. 
Rather, the problem is to measure the incidence of delays 
and to determine their magnitude. 

It is inthe measurement and correct prediction of these 
delays that a waiting-line approach is of special utility. 
Calls for handling will always occur in a random way, 
in spite of efforts to schedule them; this is no more than 
a universal comment about attempts to schedule any- 
thing. Some delays will consequently always occur. How- 
ever, because of the complex effects of random accumula- 
tions of calls, the prediction of the size of delay is not 
easy to accomplish in a thorough way without resort to 
waiting-line models. 
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Accordingly, we turn now to a discussion of the basic 
concepts and terminology of waiting-lines. 


WAITING LINES 


The conceptualization here is that there is a servicing- 
point, at which units of some sort are arriving individu- 
ally to receive service. Arrivals are not necessarily evenly 
spaced in time, nor their exact arrival times known in 
advance. At the servicing point there may be one or 
more servers (or service-stations) available to handle 
the arrivals. Individual servicings do not always take 
the same amount of time, nor are these times wholly 
predictable. The variable spacing in time both of arrivals, 
and of servicing are described by saying that they are 
random. 

Because of this randomness, arriving units are from 
time to time forced to wait, and the group waiting is 
called the waiting line or queue. Time spent in the queue 
is called the waiting time, or the delay. Calculation of 
this delay is a major concern of the mathematical analy- 
sis of a waiting-line. 

Daily experience affords many familiar examples of 
waiting-lines: banks, restaurants, highway intersections, 
repair shops, the in-box on an office desk. A less obvious 
example is the operation of a telephone exchange. Much 
of the mathematical theory now available to analyze 
waiting-lines has been built up over the past 50 years 
by telephone companies around the world (10). Addi- 
tional contributions have come from Industrial Engi- 
neering in connection with the manning of semi-auto- 
matic machines in textile plants (7) (8). 

In applying the basic conceptualization above to ma- 
terials-handling, obviously, the “arriving units” are goods 
to be moved. The servicing-point may not necessarily 
be a point at which the goods arrive physically; it might, 
for example, be a central dispatch station at which calls 
for servers are received and servers dispatched. (In the 
conveyor model to be discussed later, the servicing point 
will be the discharge end of the conveyor.) The servers 
are clearly the handling-units or crews, and the servicing 
is the task of moving the goods. The delay is not the 
movement time, which is inescapable, but rather the 
potentially unnecessary wait until a handling unit arrives 
to pick up the goods. 


RANDOMNESS OF CALLS 


Let us next discuss the features connected with the 
randomness of arrivals, or as we shall term them, “calls.” 
First, by calling rate, is meant the average number of 
requests per unit time, for goods to be moved. The 
mathematical approach of waiting-line theory is statisti- 
eal, and consequently considerable variability of indi- 
- vidual calls is tolerated even though the average rate is 
a constant. 

This average rate is to be associated with the average 
production rate, over a period even of months, of the 
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production centers initiating the calls. The period to be 
chosen for averaging the rate is just that for which a 
definite allocation of handling facilities is being made. 
If multi-shift operation is the case, with production rate 
characteristically different on the separate shifts, the 
number of physical handling units, such as trucks, will 
be related to the maximum rate on any shift, although 
the number of crews scheduled to be available to man 
these units may be varied to fit a rate which is char- 
acteristically lower on certain shifts. 

Within the period of constant average calling rate, the 
frequency of individual calls will vary in a random way. 
This variation is described by the probability distribu- 
tion of calls. An illustrative distribution of calls received 
in the course of a one-hour period at a central dispatch 
point is portrayed in Figure 1. Note that although the 
average is 10, in less than 15 out of 100 one-hour periods 
will 10 calls be received. 

The type of probability distribution which can be ex- 
pected in any particular materials-handling situation will 
depend upon the situation itself. Both statistical and op- 
erational validity should be checked before preferring 
any distribution to another. However, there is one special 
distribution, known as the Poisson distribution, which is 
quite apt to characterize calls in a complex materials- 
handling operation such as the dispatch office in a large 
plant (indeed this distribution has found widespread 
application in machinery breakdown, in telephone traffic, 
in truck arrivals and in other operations which are 
thereby revealed to be similar in the occurrence of calls 
for service). 

When this kind of distribution holds, the mathematical 
formula for the probability p(n;T) that n calls will be 
received in a period of time T 


p(n; T) = — 


n=(@,1,2,:-- 
n! 


where 4 is the calling rate per unit time. A typical plot 
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Fic, 2. Schematic Distmbution of Handling Times or 
Calling Intervals 


of this distribution is given in Figure 1. A detatled dis- 
cussion of the properties of this distribution can be 
found in many textbooks on probability, for example (5). 

When it comes to gathering data on arrivals of calls, 
a corresponding notion of greater utility is that of the 
calling interval, which is the time interval between suc- 
cessive calls. This is, of course, a continuous-time quan- 
titv. It will have a probability distribution of the sort 
illustrated in Figure 2. In the ease of “Poisson” calls, 
the distribution of the calling interval will be exponential 
in form (and therefore linear on semi-log paper). That 
is, the probability p(T) that between two successive calls 


a time greater than T elapses is given by 
p(T) =e 


where again A is the calling rate per unit time. A plot of 
a distribution of this type is given by the dashed-line in 
Figure 2. 


HANDLING-TIMES 


In order to separate out delay times, handling times 
must be carefully defined. Basically, by such a time 1s 
meant the interval from the moment a handling unit is 
assigned to move a certain load until it is ready to be 
assigned to move another load. When units are centrally 
dispatched, handling time begins with the moment of 
dispatch and terminates when the unit reports back. 

The same considerations about average times and 
randomness of individual times apply here as in the 
‘ase of calling intervals. Averaging is to be done over 
the interval for which handling facilities are to be per- 
manently acquired. Randomness of individual calls is 
described in terms of the probability distributions of their 
lengths. These lengths must therefore be observed by 
sampling measurements in order to construct this prob- 
ability distribution. 
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NECESSITY FOR MEASURING PROBABILITY DISTRIBUTIONS 


In data-gathering, many people are prone to make a 
nuraber of measurements, average them, and then ignore 
the dispersion of the individual measurements from the 
average. In waiting-line models the dispersion is, how- 
ever, of major importance. To illustrate this, let us take 
for simplicity an example involving a single server. When 
calls are “Poisson” it is known that the probability P, 
that the server is idle is 

Py Ah 
where « is the calling rate, and h the average servicing 
(handling) time. That is, P, depends only on averages. 
However, the mean delay time W is known to be (9) 
(11) 


(1 — Po) 


W (1 + e?) 

where ¢ is the coefficient of variation of the handling 
time, that is 

standard deviation of handling time 
Cc = - 

average handling time 

Here W is given in units of the holding time. Thus, delay 
is a direct function of the variability of the handling 
times, and can be increased by any given amount by 
increasing that variability sufficiently even while aver- 
age handling time remains the same. The variation of 
W with e¢ is plotted in Figure 3 in terms of the value 
of W when ec = 0. Note that c¢ = 0 corresponds to the 
case where handling time is constant; W is then a mini- 
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Fic. 4. Average Delay and Number of Idle Units for 
Various Service Levels. 


mum. Thus, any variability in handling times results in 
a greater delay. 


HANDLING DISCIPLINE 


By handling discipline is meant the routine procedure 
for assigning handling units to calls. The discipline may 
be first-come-first-served in a central dispatching ar- 
rangement. In addition, a certain proportion of the calls 
may be given priority over other calls. There may be 
special purpose units for handling heavy, fragile or other- 
wise special jobs, including gang service obtained by 
grouping crews and units to handle a large task. 

On the other hand, the discipline may be random, as 
when handling units patrol the plant, taking jobs as they 
encounter them. Each type of discipline is characterized 
by an average delay, which will in general vary with the 
discipline employed. Consequently, consideration of the 
type of handling discipline to employ is an important 
part of the search for a least-cost solution to the general 
problem. 


ILLUSTRATIONS 


The details of solving mathematically the equations 
that arise in a waiting-line formulation of materials- 
handling and other production-flow congestion problems 
are not included here. Later, in discussing the approach 
which an Industrial Engineer should plan in tackling an 
actual application, references will be given where these 
details may be found. 

Rather, two illustrations will be given of the kinds of 
results that can be predicted in certain cases. In both 
illustrations it will be assumed that the arrival of calls 
is characterized by a Poisson distribution and that 
handling-time has an exponential distribution with suc- 
cessive times statistically independent. As to the validity 
of these assumptions in any particular case, nothing can, 
of course, be said without inspecting actual data. These 


distributions were chosen for the illustrations partly be- 
cause numerical results were readily available for them,’ 
and partly because in many applications the presence 
of these distributions is the first one which should be 
suspected. 


A. RELATIONSHIP BETWEEN AVERAGE DELAY AND NUMBER OF 
IDLE SERVERS 


A large job shop, with identical multi-purpose handling 
units centrally dispatched to answer calls in order of 
arrival constitutes an especially simple waiting-line situ- 
ation. The basic economic problem is taken to be “what 
is the optimum number of units to provide?” Therefore, 
a direct comparison is desired of average delay and 
average idle time for the handling units provided. 

In Figure 4 this comparison is made for a numerically 
hypothetical case in which the calling rate is 15 calls 
per hour and individual handling times average 20 
minutes. The plot illustrates the general features of any 
specific numerical case:* 

First, 5 units are completely insufficient, the average 
delay being “infinite.” The general principle involved 
here is a fundamental one in all waiting-lines, namely 
that in order to keep the average delay finite, it must 
be true that 

(calling rate) X (average holding time) < number of 

servers 
(Not even a “<” sign can be tolerated.) 

Second, the amount by which delay is reduced by add- 
ing servers decreases in a non-linear way as the number 
of servers added increases. Consequently, there will be 
some optimum number of servers if the cost of idle facili- 
ties is proportional to idle time, and the cost of delay 
proportional to average delay. 

Effect on in-process inventory. Suppose that in this 
illustration each unit of material receives a 3-hour proc- 
essing time at the next producing center to which it is 
moved. Then its total time per move-cycle, namely 

processing-time + delay + handling-time 
will be 

180 minutes + delay + 20 minutes 
Comparing, for example, the advantages of having 7 
handling units, it can be seen from Figure 4 that the cor- 
responding delays are approximately 3 and 9 minutes. 

The addition of one extra unit from the 6-unit level of 
operation means therefore an increase in turnover, and 
a reduction in in-process inventory, of approximately 4% 


_ (180 + 12 + 20 vs. 180 + 4 + 20). In an actual applica- 


* The numerical values were taken from a volume of tables of 
waiting-line probabilities currently under preparation at M.LT. 
under the direction of Dr. Galliher. 

*The calculations upon which figure 4 is based may be made 
using formulas available in (1), (3) or (6). Results for these same 
assumptions are tabled in (1) and (6). 


206 The Journal of Industrial Engineering 


14 
j 
| 
“ 

Volume IX - Ne. 3 


tion, the corresponding change in cost would be obtained 
from a specification of the cost of additional in-process 
inventory and of idle units. 


GENERAL-PURPOSE VS. SPECIAL-PURPOSE UNITS 


Suppose that in the type of operational situation dis- 
cussed in (A), some of the calls require a type of 
service which only certain handling-units are qualified 
to give. This is often the actual case and in attempting 
to cover requirements of this sort in the discussion here, 
one might visualize all sorts of complex specifications as 
to capacities of handling units and frequency of eall for 
them. A basie question would be, “What reduction in 
delay is achieved by having general purpose units?” 

For illustrative purposes, suppose that calls are divided 
evenly among 6 different kinds of jobs, with 2.5 calls per 
hour for each. Assume that each job takes the same 
average time as before, namely 20 minutes. To illustrate 
the effeet of versatility in handling units, consider four 
alternative schemes. Since there are 6 different types of 
jobs, number them 1 to 6. Now one strategy would be to 
have all units similar, i.e., general purpose, and capable 
of handling only one type of call. 

As alternatives to these a comparison of two additional 
strategies, namely two different types of handling units, 
with three identical units of each type, and three differ- 
ent types of handling units, with two identical units of 
each type. Units of different types are assumed to be 
incapable of handling calls of the same type, and it is 
assumed that call types are allotted to unit types so as 
to equalize the work loads of each type. 

The results are portraved in Table 2, from the bottom 
row of which it will be seen how great is the increase in 
delay if only special purpose units are available. 


PRACTICAL CONSIDERATIONS 


In the selection of illustrations and in the discussion 
so far, the intent has been to suggest rather than to 
codify. The basic thesis has been that the cumulative 


TABLE 2 


Number of unit-types 2 4 


Number of units of each type assigned to 
Job-type 


2 

2 3 

3 | 
2 

4 

5 3 ) 1 
2 

l 


Delay per call, 
in minutes 12 28 46 03 


(These values may be obtained from tables available in (1) and 
(6).) 
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effect of delays in production such as occasioned by 
materials-handling is a complex statistical phenomenon, 
but one which can be formulated in the mathematics of 
waiting-line theory. A proper question at this point is 
“what are the practical consequences in considering 
whether to apply a waiting-line model to a particular 
materials-handling situation? 

There are four main phases of such a project as fol- 
lows: operational description, data gathering, mathe- 
matical solution, and experimentation. These are dis- 
cussed briefly in turn. 


OPERATIONAL DESCRIPTION 


The best operational description is probably a flow 
chart, showing 1. sources of calls, 2. percentages of each 
type of such calls requiring service of a special type or 
special destinations, 3. unit-handling types presently 
available, and 4. alternative dispatching procedures avail- 
able. Of course, the feasibility of operational alternatives 
should be explored in order that the technical description 
allow for a comparison of economic alternatives. 


DATA GATHERING 


The ultimate mathematical waiting-line model to be 
used will employ assumptions about the probability dis- 
tributions of calling intervals and handling times. Con- 
sequently, data on these times must be gathered with this 
in mind, 

Times must be observed on a sampling basis which 
allows for appropriate stratification. There may be a 
different distribution of calling intervals for each depart- 
ment, or of handling times for certain categories of calls, 
as for example priority vs. non-priority. When all units 
are multi-purpose for example, all calls may be aggre- 
gated into a single probability distribution of handling 
times. 

For planning purposes, data on calling rate and han- 
dling times should be related to the production rate in 
the several departments. This is one way of treating 
problems imposed by seasonal variation in production 
rate, and characteristic differences between shifts. 


MATHEMATICAL SOLUTION 


The general mathematical formulation of a waiting- 
line problem is simply a set of equations relating the 
probabilities that at any moment some calls will be wait- 
ing for service, some in process, and some serving units 
busy or idle. While the formulation of these equations is 
not difficult, it is too long a subject to deal with here. 
Ample illustrations are available in the references cited, 
particularly (3) and (5). 

Advantage should be taken of solutions to special 
problems already known and published. The following is 
a summary of many of the useful cases which have been 
treated: 


1. Small shop operations—the problem here is analogous to the 


The Journal of Industrial Engineering 207 


assignment of operators to automatic machines (4). Tables 
are available for this case. 

2. Large shop operations—here the calling population is large 
and calls are independent of one another. Tables of the rele- 
vant probabilities, queue sizes, and delays for a variety of 
handling time distributions are currently in preparation (see 
an earher footnote). 

3. Priority calls—the use of priorities to expedite servicing has 
been studied by various authors in articles in the Journal 
of the Operations Research Society of Amerwa (2). 

. Random servicing order—this problem is of interest to thé 

telephone companies in determining delays experienced by 
telephone users (10). 


One particularly useful technique for obtaining numeri- 
cal results in cases where straightforward solution of the 
equations is difficult is a method known as Monte Carlo 
Simulation. Indeed this method may be applied in any 
problem at all, and for this reason has considerable util- 
ity. Its chief shortcoming is occasional uncertainty as to 
the reliability of results due to the fact that it is a statis- 
tical-sampling method. 

Basically, in'a simulation one simply operates the ma- 
terials-handling effort on paper exactly as it would op- 
crate in practice. Beginning at a certain time, the actual 
value of a calling interval is chosen at random from the 
probability distribution of these intervals, a unit is as- 
signed and a handling-time selected at random from the 
appropriate probability distribution. Meanwhile, the 
length of the next calling interval is chosen again at 
random and the “clock” advanced until either the first 
unit finishes or the new call arrives, whichever is first, 
and so forth. 

In such a detailed “play by play” of the game, a record 
is kept of the delays experienced, of duration of unit idle 
times, and any other pertinent facts desired, from which 
the desired averages are easily tabulated. The play is 
earried on for a sufficient period to allow these averages 
to stabilize numerically (subject to an error of statistical 
estimation which decreases, occasionally slowly, with the 
length of play). 

Simulations, sometimes referred to as “operational 
gaming” can be performed by hand. Some manufacturers 
of large-scale computers, and other groups active in the 
use of computers, have developed computer routines for 
simulation. A basic requirement here is to have a supply 
of random numbers. Tables of these are fairly plentiful 
(1). 


EXPERIMENTATION 


No solution proposed as a result of a waiting-line ap- 
proach (or other theoretical approach for that matter) 
could be regarded as acceptable without some experi- 
mental testing. This phase, often neglected, is not always 
easy to perform, since it may require a major alteration 
of existing procedures. 

It should be noted that simulation is often a suitable 


208 The Journal of Industrial Engineering 


substitute for an experimental test, and in the authors’ 
experience is the more so as it is thorough and realistic 
in every detail. 


SUMMARY 


While attention here has been focused on a centrally 
operated materials-handling function, there are other 
materials-handling situations which exhibit analogous 
features. A very obvious one is the operation of shipping 
terminals, as for example, a truck-loading platform. In 
that case both platform size and number of handling 
crews is the economic problem of concern. Still another 
application is the operation of a slip-feed conveyor. Due 
to random interruptions in loadings and unloadings, a 
slip-feed conveyor acts as a storage well for goods in 
transit. When the conveyor is full, loading must be inter- 
rupted until space is available for the unit to be loaded. 
Thus, one has a finite waiting-line in which the penalty 
is exceeding the maximum length of line. 

It does not need to be emphasized that the problem in 
materials handling is one of congestion, and that due to 
the variety of work handled, a statistical approach is 
practicable. Waiting line models are specifically designed 
to handle such situations, The solutions which are avail- 
able currently will cover many cases when the physical 
situation is relatively simple. When such solutions are 
not available in particular cases, simulation may be used 
to get estimates of the variables of interest (1). 
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How to Set Up Proper Budgets 


by PHIL CARROLL* 


Professional Engineer 


Bopcrrs are set up in many companies to help in 
the control of costs. Some managers use them to try and 
look ahead by forecasting. Such forecasts are built up 
from projected sales. Thus, budgets may be set up for 
an expected volume of business, then later for the actual 
output in production and in sales, 

To determine expenses for differing volumes, you need 
what are called “flexible budgets.” These are based upon 
the relations between costs and volumes. To find these, 
the easiest way, perhaps, is to plot curves of historical 
expenses. 

Expense trend lines will be mostly of the type called 
“semivariable” by accountants. That means you will find 
nearly every expense consists of a constant plus a vari- 
able. An engineer would think in terms of Budget 
(Y) = b + mx. 


WHAT MEASURES VOLUME 

To set up such expense trend lines, you have to be 
careful what you use to measure volume. Watch out if 
you use sales dollars. Remember, a dollar today isn’t 
the same as a dollar tomorrow. Disregarding inflation, 
let me illustrate. Suppose the central point of your ex- 
pense plottings represents normal times when you may 
sell a sales dollar for a $1.00. When demand is greater 
than normal, meaning larger volume, you sell a dollar 
for $1.05 or $1.10. Later, should business go into a “re- 
cession,” you sell a dollar for $.95 or $.90. 

The same thing happens with man-hours and labor 
dollars. When you expand volume, your man hour effici- 
ency drops because you hire new people. When you con- 
tract, it goes up. These changes in yardsticks of your 
volume seale will tilt your expense trend lines. Above nor- 
mal volume, inflation moves your plotted points horizon- 
tally to the rmght further than. they should be. Below 
normal, your points will be further to the left in the ratio 
of, for example, $.90 to $1.00 of sales price. The result is 
to turn your trend line about normal volume as a center 
to raise the constant cost and lower the slope of your 
expense trend lines. This tendency is shown by Fig. 1. 

The only reliable measure of output I know is standard 
time and that only when it represents good salable pieces. 


* Author of McGraw-Hill books, Timestudy for Cost Control, 
How to Chart Timestudy Data, Timestudy Fundamentals for 
Foremen. How Foremen Can Control Coats, How to Control 
Production Coats and Better Wage Incentives. 


Moy—June, 1958 


The Journal of industrial Engineering 


If you do not have standard times, then try to guesstimate 
them. One way is to build up volume measures by using 
the times equivalent to standard labor costs. Another 1s 
to adjust labor hours by percentages representing changes 
in productivity. Be sure to deflate for such waiting time 
and indirect time as may be included. 

Having obtained your volume measure, you set up 
curve eins may need 100 to 200. I make them on 
a production basis. I set up the horizontal volume scale 
in ditto typing and run off a quantity. On this scale, I 
mark the years at their corresponding volumes to save 
the counting off. 


ARRANGE EXPENSES 


The years just mentioned are determined by several 
factors. Primarily, what you want are those having the 
widest range in volumes from low to high. Obviously, 
the farthest apart you can get your plotted points, the 
more correct will be your trend lines. Correctness is also 
related to number and so I suggest at least five vears of 
expenses. 

Next you get the expenses for those years. Here the 
fun begins. You must collect them together in terms of 
the current responsibilities. The way I illustrate is to say 
in 1951 the Timestudy Department reported to Joe 
Black. In 1953 we reorganized and moved it under John 
Jones. This year, we plan to rearrange responsibilities 


OF DOLLaks 


Fic. 1. (Your apparent volume changes from actual in times of 
expansion and contraction.) 
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and have it report to Dick Smith. That sort of changing 
happens in all organizations many times. 

So the next step is to arrange the year’s expenses re- 
arranged in terms of your present organizational account- 
abilities. The important thing, later in the control of ex- 
pense, is to tell Dick Smith that he’s responsible for the 
budget you work out. ; 

After you regroup expenses, you must change unlike 
dollars into current expenses. Maybe there have been 
several wage rate changes in the span of years you are 
analyzing. Finally, you must adjust for major changes 
contemplated to translate the effected expenses into 
future probable expenses. Prepare for the major changes 
both in expenses and in organization that will be in effect 
by the time budgets are put into operation. 

Some of these revisions may be more easily made after 
the curves are drawn. Either way, the next step is to plot 
the several years of expenses against corresponding vol- 
umes. 


CURVE PLOTTING 

The first thing I do in this step is to select three or 
four vertical scales for expense dollars. Then I have the 
sheets with the volume scale already duplicated run off 
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Fic, 2. (Draw trend line through your plots of historical expenses 
and extend to cross zero volume to read the constant cost.) 


again to get quantities of dollar scales. Now you are 
ready to make a production job of curve plotting. 

Each expense should be plotted separately. This can 
mean that any one manager may have his accountability 
represented by several budget curves. For instance, I 
always separate labor from materials. In Maintenance, 
you might have six curves. 


Buildings 
Maintenance Labor 
Maintenance Materials 
Contract work 


Machines 
Maintenance Labor 
Maintenance Materials 
Contract work 
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Like in timestudy, I believe in more rather than less de- 
tail. Remember, you may hardly get your budgets set up 
before other changes in organization will be made. 


TREND LINES 


To move on, the five years suggested earlier will enable 
you to plot five dollar amounts over five volume quanti- 
ties. These will form a “scatter” diagram. Through these, 
I stretch a rubber band giving consideration to the fac- 
tors behind the points. 

Don't try to carry a guess to the fourth decimal place. 
These points represent series of errors. The first is lack 
of control. There could not have been much good contro! 
in the past because you are now setting up budgets to 
help overcome that weakness. 

Second is lack of control related to changes in product 
mix. This will be discussed later. 

Third is the lack of measurement. Usually, budgets are 
based on past performances. Generally, those for overhead 
labor are at day work pace. We might say that budget 
measures are comparable to those for “productive” labor 
back about 1800. 

These errors are pointed out only to make sure we un- 
derstand. Regardless, budgets give you a means for ex- 
pense control that many firms do not yet have. 

So you squint one eye and draw in trend lines. Prac- 
tically, they represent the relations betwen expenses and 
volume for a going concern. Theoretically, you should 
dot the extensions of these lines from your lowest points 
until they cross the dollar scales of zero volume. See Fig. 
2. I say dotted because the sheriff would have padlocked 
the front door long before you could get down to zero 
volume. 


CONSTANT COST 


These zero intercepts are the constant amounts in each 
expense. You can expect a constant in almost every 
curve. Take direct labor as one example most people 
think is purely variable. Suppose you have 100 people. 
Then suddenly, you are forced to reduce your work force 
to 50. If you are like most managers, you keep your 
better men in order to rebuild. Thus, your average wage 
cost per hour goes up. Hence, you have a constant cost 
even in direct labor. 

The sum of all these constant costs is what causes the 
breakeven point on your profitgraph. I call this company 
constant the cost of the nucleus of the organization. Inci- 
dentally, contrary to the notion held by many, this con- 
stant is mostly people cost. 

Anyhow, the constant amount for any expense is the 
first figure which is needed to set up budgets. I read off 
the amounts and record them beside each expense in a 
colunm headed Constant. This reading is a yearly 
amount. Therefore, to use with monthly budgets, you 
divide by 10.4 for 5-week and 13.0 for 4-week months. 


Volume Ne. 3 
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VARIABLE EXPENSE 

Now you can figure the variable costs. These are the 
slopes or rates of change of expense with volume. The 
slopes are relatively easy to compute. All you need are 
two sets of readings for each curve—two dollar amounts 
and their two corresponding volumes, You have these for 
zero volume——the constants, Suppose for the curve of 
Production Control this vearly constant Is $35,000. Now 
assume this same curve reaches $100,000 expense at a 
volume of 200,000 standard hours. Then we ean set down 


our readings «as 


V 

Subtract (‘onstant 35.000 
200.000 65.000 


Dividing the difference in standard hours into the differ- 
ence in dollars, vou get $.325 per standard hour. This ts 
the slope It ix the variable cost per standard time unit 


and, of course, applies to vearly and monthly volumes. _ 


After vou compute these for each eurve, you should 
record the rates alongside them constants in it column 


labeled slope. 


| EANPENSE CONSTANT SLOPE 
Timestudys $20 000 200 
\ecounting 4360000) 620 
Tool Room OO) 
H. Power 000) 
Depreciation 10.000 O00 


Some curves like deprecation, taxes and Insurance on 
equipment may not have slopes. Too, some curves may 
have negative slopes. For imstanece, | found one com- 
panv's advertising expense, contrary to usual practice, 
to be high at low volume and low when business was 
good. In any event, vour usual expense curves could be 
set down in equation form. Let's use Production Control 
on a 4-week basis as an example. 


Budget = $2692 + $325 * Standard Hours 


I never show a budget basis in this form. But I set it 
down that way here to bring the parts together so you 
‘an more readily see where we are at this stage. 


BUDGET DOLLARS 

Now let's apply our results. We can compute the 
budget for any period in advance when we know the 
forecast volume. And we can determine the budget after 
we know what the actual output was. 

Take 11,056 as the actual standard hours of output for 
a 4-week month of June. Then, as one example, our bud- 
get for Production Control is 11,056 * $325 plus $2692 
making a total of $6285. 
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You can see by this example that to compute budgets 
for many expenses is easy. A good comptometer operator 
could figure those for a 100 expenses in about 25 minutes. 
That means you could compute them for planning ex- 
penses ahead of time and again afterwards to check ac- 
tuals at very little cost. 

The next step is to compare actuals with budgets. I do 
this on a sheet that has four columns for dollars. In the 
first column are the budgeted amounts for each expense. 
Next to these are the actuals. The third column is for 
gains——that is savings. The fourth shows losses. 


JUNE | 
4 WEEKS | 


VOLUME 
11.056 STANDARD HOURS 


EXPENSE 


BUDGET ACTUAL GAIN LOSS 
Timestudy 3,754 3,795 41 
Accounting 0 626 0.510 116 
Tool Room 10.577 10, 206 371 
L. H. Power 3,303 3,197 106 
Depreciation 3,077 2,006 171 


BUDGET DEFECTS 

To digress for some explanation, you should recognize 
certain defects in budgets in order to improve upon their 
effectiveness. One may be obvious to you already. Bud- 
gets are dollar allotments. In no way do they specify 
what work should be done for the money budgeted. 
To illustrate, suppose you were to cut budgets 15 percent. 
Would the productivity improve that amount or would 
the work be piled in the corner? 

You can see, then, that budgets can be improved and 
made more realistic by establishing work measures. In 
this process, you would discover a second defect. This ts 
lack of count. We do not specify how often indirect work 
is to be done. 

To illustrate, I like to tell the story about window 
washing. We set standards for the work and the men 
wanted to make more money. They worked diligently. 
They washed the windows six times in six months when 
they had not washed them previously but once in six 
years. 

You see this in the offices. There we pile one report on 
top of another. I laugh to myself when I get a purchase 
order for a Discussion Leader's Manual or a film rental 
after I have been paid for the service. 

Again, study of overhead operations can bring about 
important cost reductions. We should recognize that op- 
portunities for improvement are at least as great as we 
have found in our long study of shop operations. 


FUNCTIONS VERSUS PRODUCTS 

The third defect you should be aware of is that of 
faulty measurement. It results from setting budgets, as 
we do, for funetions of our organizations as distinguished 
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from products. For instance, I have talked about Pro- 
duction Control. 

Carrying on, suppose for simplicity that you turn out 
only two products in your plant. Let’s call them shirts 
and motors. Assume shirts are made up of 9 parts, motors 
of 90 parts. Right away, vou can see there is less Produc- 
tion Control required for one shirt than one motor. 

And Production Control work is also governed by 
orders. So quantity is a factor. Thus, if you make shirts 
in large lots and motors in small lots, the difference in 
Production Control effort is further exaggerated. Then 
we come to the factor of shop time. In comparison, one 
shirt takes very much less time to make than one motor. 
This fact tends to offset the other two. 

Maybe in the aggregate, shirts take one fourth as 
much Production Control per shop standard time unit 


as motors. Such a supposition enables me to show the 


defect in arithmetic. Take the 11,056 standard hours and 
budget of $6285 for June. With our 1-4 ratio for Produc- 
tion Control, we could say that June Consisted of 


Hours Prod. Control Cost Rate 
Shirts 5528 $1257 $227 
Motors 5528 $5028 909 
11,056 $6285 


Now, let’s assume that our shop output in July is ex- 
actly the same—11,056 standard hours. But our cus- 
tomers want more shirts and less motors. Suppose their 
orders raise shirt production to 8845 and reduce motor 
output to 2211 standard hours. 

Then, making an assumption not wholly correct that 
the Production Control cost rates will be the same as for 
June, we can set budgets for July as 


Hours Prod. Control Cost Rate 
Shirts 8845 $2008 $.227 
Motors 2211 $2010 909 
11,056 $4018 


Compare our new total of $4018 for the changed product 
mix with $6285 that would be allowed by the usual com- 
putation using an average budget variable rate. You see 
how far wrong budgets can be that neglect the inherent 
differences in overhead expenses caused by the different 
products in a business mix. Our overhead expenses are 
different for different products, different quantities, differ- 
ent customers and other differences. These will be recog- 
nized when you get around to seeking correct different 
overhead costs for your several products. More of this, 
if you are interested, in my book How To Control Pro- 
duction Costs. 


COST CONTROL 


Despite the weaknesses pointed out, budgets are valu- 
able tools for cost control. As I put it, any control is bet- 
ter than “crisis hysteria.” At the same time, you must 
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keep in mind that budgets are just one more system. And 
systems are lifeless. 

People spend money. People must control costs if budg- 
ets are to be worth their costs. Therefore, budgets are 
useful only to the extent that people are required to 
account for differences. Notice, I didn’t say losses. Gains 
should be accounted for also. Maybe the work was put 
under the bench. That happened in one plant. There was 
a gain for three weeks in a row. Finally, someone dis- 
covered all the submerged repair work. You can guess 
what the budget showed the fourth week. 

Management by exception calls for examining both 
gains and losses. That is especially true with budgets. 
One could say, “There should be very few losses,” since 
most of the budgets are for people costs on an unmea- 
sured basis. We should look for gains resulting both from 
better methods and better performances. We should not 
expect people in industry to spend all the budgets allow 
so as to get the same relative amounts next period as 
they do in our governments. Somebody has to make a 
profit in order to pay the taxes. 

The point is that cost control comes about through 
management. This means people must be called to 
account for performances as measured by budgets. 

And cost reductions come about through better man- 
agement. That’s why I stress the importance of analyz- 
ing the gains. If we can operate at a lower than budget 
cost this month, why not next month also? Said differ- 
ently, if we always meet the budget, we have not made 
any improvements. We are not keeping up with compe- 
tition. We are not increasing our standard of living. In ° 
America, there seem to be but two choices in managing 
business. These are, “Make profits or go broke.” 
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An Application of Game Theory in Incentives 


and Quality Control Problems 


By LEON H. NISSIMOV 


Industrial Consultant, Israel 


Tw ) facts are established everywhere in industry, when 
norms and standards (usually based on time and motion 
study) are employed :' 
|. Production increases, since the individual worker's output 
ix quantitatively improved. (Accelerated production to attain 
higher earnings is a logical consequence of applying incentives). 
2. If not efficiently controlled, quality is seriously deteriorated. 


These two facts are expressed by the statement: “Produc- 
tion tops when quality drops.” 

In order to keep production at “an acceptable quality 
level,”’ it seems, at first glance, necessary to inspect the 
standardized operations 100 percent. At times, such oper- 
ations may be controlled 200 percent or more. But invari- 
ably, management arrives at the conclusion that 100 per- 
cent inspection is not completely efficient and as a matter 
of fact is always very costly. 

The problem posed is very clear: How to control most 
efficiently and economically hundreds (sometimes thou- 
sands) of standardized operations? The best and most 
economical solution often is by sampling. (Sampling, in- 
deed, is the only alternative in cases where a destructive 
inspection is demanded. This is the case, for instance, 
where the tensile strength or chemical composition are to 
he checked.) The sampling technique of inspection is 
especially applicable for checking those operations and 
products which cannot be checked by automatic devices 
and the application of the Game Theory in such cases 
results in an extremely effective system. 

The operator is usually in a position to keep the output 
within the accepted quality level and this is chiefly 
dependent upon both his skill and conscientiousness. 
But no matter how skilled and diligent the operator 
may be, a certain number of defective items will 
always be produced. Thus management must stipu- 
late an “acceptable quality level,” i.e., an allowable per- 
centage of defective pieces. This allowable percentage is 
named “tolerance.”’ When the percentage of defective 
pieces exceeds the tolerance, the entire lot may be rejected 
or each piece may then be inspected for acceptance. When 
an incentive system of remuneration is in force, it occurs 
frequently that an entire lot is rejected; then the rejected 
lot would be inspected piece by piece only if the cost of 
inspection is not prohibitive. 


' In this paper, the standard time is accepted equal to 0.75 
Normal time.” 
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It is always disruptive when quality is reduced. The 
responsibility for this is usually placed upon the operator. 
Part of the fault, however, is chargeable to the inefficiency 
of the inspection system as well. An economic and effec- 
tive inspection system should: 

a. Employ sampling methods of inspection. 

b. Insure that neither the operator nor the company will lose 
or earn standard minutes in a long run, except in the cases 
pointed out in f and g. 

c. Prevent any pay for defective work. 

d. Decide on a sample size which being representative enough, 
will not impose an undue strain on the available inspection force. 

e. Be practical and free from excessive clerical work. 


The Game Theory when applied in practice will re- 
sult in an inspection system which not only fulfills the 
above conditions, but in addition, it is easily applicable 
and has the definite advantage of keeping the output al- 
ways within the accepted quality level. This is possible 
because the Game Theory takes into account the psycho- 
logical behavior of the individuals operating in incen- 
tives. Thus: | 

f. In case an operator's defective output increases above the 
tolerance allowed, there is some risk of losing standard minutes. 
Practice confirms that few operators will deliberately reduce 
quality of their output, thereby impairing the chances of decent 
remuneration. 

g. In case an operator improves quality and keeps the defec- 
tive work below the allowable tolerance, there is increased chance 
of obtaining additional standard minutes. Practice proves that 
many operators will improve quality of their output, thus increas- 
ing the chances of supplementary remuneration. 


Following is a brief description of a Game Theory situ- 
ation in quality control, illustrated by an example, where 
the standard time for operation demanded to be in- 
spected by sampling is | (one) minute (s,= 1), the sample 
size is n=20 percent, and the allowable defective per- 
centage (tolerance) is 10 percent. 

Figure | describes a Game situation between the 
operator A and the inspector B (in small shops B may 
be the foreman or other supervisor). 

Let us examine the Game situation in Figure 1. 

Player A—the operator is allowed two actions or two 
strategies: to operate satisfactorily or not to operate satis- 
factorily. 

Player B—the inspector is allowed two strategies also: 
to inspect or not to inspect the job completed. 

In Figure 1, X;, Xs, Xs, X, are fictitious standard 
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INSPECTOR B 


1—P,=2/10 P,=8/10 
Action Action “does 
“inspects” not inspect” 


P,=1/10 | 


Action “does not —3.675 X,=0.918 | 
S operate satisfactorily ” | 
1-P.=9/10 | 
= Action “operates X,=0.408 X,= —0.102 

. . 

satisfactorily 
1 


minutes representing the pay-off of operator A. For any 
of his actions, A will get the appropriate pay-off which 
depends also upon the action chosen by B. For example: 


1. A decides not to operate satisfactorily and B decides not to 
inspect the job completed; then A will get 0.918 standard minutes 
for each piece of bad quality. 

2. A decides to operate satisfactorily and B decides to inspect; 


then A will get 0.408 standard minutes for the inspected piece 


found satisfactory. 
3. A decides not to operate satisfactorily and B decides to 


inspect; then A will lose 3.675 standard minutes, for each piece of 


inadequate quality. 
4. A decides to operate satisfactorily and B decides not to 
inspect; then A loses 0.102 standard minutes for each piece of 


good quality. 


In fact, the application of the Game Theory is sub- 
jected to the condition that both players will choose their 
actions “at random,” and that neither is able to guess 
what action the opponent player is likely to take. This 
condition is really fulfilled in practice for B, since table 
of random numbers may be utilized for the purpose of 
taking sample from current production. (Only sample 
drawn at random is believed to be representative). 

Actions taken by A are believed to be randomized too. 
The mere fact that a certain percentage of defective 
pieces is allowable, confirms that it is highly probable 
that, during an 8 hours’ work-day, an operator will pro- 
duce some defective pieces at random. 

In Figure 1. P,=1/10 (or 1—P,=9/10) shows the 
probability that A may not do the job properly or the 
reverse. In our example, 1/10 is the tolerance limit 
adopted. 

P,=8/10 (or 1—P,=2/10) shows the probability with 
which B will choose not to inspect or to inspect and is the 
size of the sample established. 

To clarify how the play is laid, let us imagine that be- 
tween ten pieces produced one is not done properly. 

B inspects at random only two pieces and, let us sup- 
pose he discovers a single defective piece, (this is highly 
improbable). Then the pay-off of A will be: 10.408 
—1X3.675—8 X0.102 = — 4.083. 

A loses — 4.083 standard minutes. 

In Game Theory’s language, P,=1/10 (1—P, =9/10), 
P,=8/10 (1—P,=2/10) are called the best strategies 
for A and B respectively. Their meaning is clear enough. 
For instance, if B plays according to his best strategy, 
i.e., inspects at random 20 percent of the output, he in- 
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sures that in a long run no player will benefit or lose 
standard minutes, no matter what percentage of defec- 
tive production; and the opposite: if A plays according 
to his best strategy, i.e., holds poor production closed to 
the lower limit of the tolerance allowed (P= 1/10), he as- 
sures that in a long run nobody will benefit or lose stand- 
ard minutes—no matter what the sample size. 


DETERMINING THE VALUES OF Xo, Xs, 


In the beginning we will consider the method of de- 
termining the above values, and we will analyze the rules 
of the Game. Thereafter, several numerical examples will 
illustrate the simplicity of applying the Game Theory in 
practice, as well as its unlimited possibilities and great 
advantages. 

Ordinarily, in Game Theory the payoff X,, Ns, Ny, XN, 
is predetermined, while the best strategies are not. But in 
our case, we are confronted with the opposite problem. 
The best strategies for both A and B are predetermined, 
these being the lower limit of the tolerance P?, = 110 for 
A and the sample size of 1—?,=2/10 for B, while the 
four values of X,, Xs, X;, XY, are unknown. Then, four 
independent equations are to be solved. When the best 
strategies are played for the purpose of insuring that 
neither A nor B will lose or benefit standard minutes, in a 
long run, the average payoff WV to A should be zero (see 
fig. 1). Thus: 


M = P.PX\ + Pl Pi) +(l— Fe) 


+ (1 — P,)(1 — P.)X, = 0 Eq. 1. 
or after algebraic manipulation 
M =a(P, — b)(P, —c) +d=0 Eq. 2. 


where 
g= Ny —_ NX, Xs + NX, 


Ny 
a 
X, — X. 
=. 
a 
Xi — No Ny 
d = 
a 


Then three of the four required equations are: 


d=(@ 
c= 
b= P, 


The fourth equation is related to the Basic standard 
time S,=1 and to the sample size 20% 


X, + 0.2 X, = 1 
The meaning of this fourth equation is that in case the 


operator A turns out 100 percent quality work (that may 
happen) he should without any risk be entitled to get his 
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100 percent standard minutes. For example, in case the 
operator completes 100 units at LOO percent quality, he 
should receive what is due to him. In fact, it is possible 
to admit another expression for the fourth equation.’ 


+ 20 * O.10S8 LOO standard minutes. 


Below are resumed the four demanded equations: 
N,N, — Ns = (i) 
XN, — NX; 
8/10 = 0 (ni) 
\ \ \ 3 + ‘ 
Ns 
— Ni — Na + Ny 
+ — I 0 (iv) 


The Jacobian is different from zero and, therefore 
there are four independent equations: 

af, af, a, af, 

OV, ANs ON, 

Of, 

Di ty, fs, fa) ON, AN» AN, AX, 

X,, Xe, Ng, Of, Ofy 

ON, AN, AN, 

Af, af 


a a .¥ a 5 a Ve 


#0 


In practice, the four found values are necessary for 
computing the coefficient a 


a Ay As + Ne 5.108 = 


and the basie expression 2 will receive the form 


M — 1°10) (Pb — 8 10) 3. 


RULES OF THE GAME AND EXAMPLES 


Analvzing the basic expression Eq. 3. we obtain the 
rules of the Game. 

First rule: Whenever the inspector plays according to 
his best strategy, i.e., inspects at random 20 percent of the 
output, then ?’,=8 10, and in a long run, the expected 
average payoll 1/7 in standard minutes to A will be zero, 
no matter what the percentage of defective items P,. In 
this case the computation of the standard minutes is 
very simple and does not differ at all from the ordinary 
way of calculation. 

Numerical examples: 1. The total lot is 100 pieces. The 
sample size is 20 percent. The inspector finds one defective 
item among 20 inspected (.V/ is zero because ?,=8 10). 


* If we admit the fourth equation to be XY, = 1, it will change 
slightly the absolute value of a. Then Xy= —4, X,=1/90, X,=4/9 


- For each basic standard time with value lV, (that is, 


S,=V),thena= 
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Operato: should get 
100 X 1.0 — 5 X 1.0 = 95 standard minutes 


2. The inspector finds 4 defective items among 20 in- 
spected 


Operator should get 


100 X 1.00 — 20 * 1.0 = 80 standard minutes.’ 


Second Rule: Whenever the inspector suspects that 
quality is deteriorated and the percentage of defective 
items much greater than the tolerance allowed, then he is 
in position to abandon his present strategy and increase 
the size of the sample over 20 percent (<8, 10). 

Analyzingthe basic expression Eq. 3. we realizethat any 
increase of the sample size wil' jeopardize the payoff to 
A where the latter is actually turning out inadequate 
production over the tolerance allowed (P,>1 10), the 
expected average payoff M becoming negative (VW <0). 
The opposite is likewise true that if the operator is moving 
within the tolerance (P,<1/10), his chances for an in- 
creased payoff are likely to materialize: M becoming 
positive (M>0). 

The computation of the standard minutes is the same 
as the previous, with some correction of V7 that has to be 
introduced. 

We have named this correction “‘quality level factor.” 

Table 1 indicates the seale of the correction MV (Prin- 
cipally negative operator loses standard minutes!) when 
A increases the percentage of defective units from 1/10 
to 2/10 and the inspector increases the sample size from 
20 percent to 30 percent, the total lot produced being 
N = 50. 

Table 1 for Py, =7/10, P = 2/10, N = 50. 

From Table | we conclude as follows: 


1. The loss most probable to occur to A is WV = —5.1% with 
probability of 0.224 (probabilities are computed approximately 
by the Poisson distribution). 

2. The upper limit is positive and V =5.1%, but the chance of 
not drawing any defective piece is very small (probability 0.05). 

3. The lower limit is negative and WM = —28.9. This is a con- 
siderable loss for A, but the probability of this ever occurring is 
very small too (probability <0.001). 

4. In general, there are 0.8 chances 
standard minutes. 


against 0.2 that A loses 


Example: lf three defective units will be discovered 
(P, =20°7)), the operator should get: 


‘In the course of his routine work, the inspector will find 
sometimes higher and sometimes lower percentages instead of the 
true defective percentage, but over a period of time, they will be 
equalized and neither the operator nor the company will earn 
or lose standard minutes. 
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x 100 
20 
| 
Pp x 100= 20% 
20 
| 


_TABL E 1 
Percent of defective Number of defective ) Probability 
items discovered items discovered M 10 Pa 10 

n! 

0.0 0 5.1 0.050 

6.7 l | 0.149 
13.3 2 — 1.7 0.224 
20.0 3 — §.1 0.224 
26.7 4 — 8.5 0.168 
33.3 5 —11.9 0.101 
40.0 6 —15.3 0.050 
46.7 7 —18.7 0.022 
53.3 Ss —22.1 0.008 
60.0 —25.5 0.003 
66.7 10 —28.9 0.001 


50 X 1.0 — 0.2 KX 50 X 1.0 = 
0.051 x 59 
37. 

The operator loses 2.55 standard minutes. 

Table 2 indicates the situation where with added ef- 
fort A improves quality, decreasing the percentage of 
defective units from 1/10 to 5/100. Sample size— 40°. 

TABLE 2 


5 standard minutes 


N = 100, Py = 6/10, P =5/100 

™ of defection 2 Probability 

n! 

0 0 10.2 0.135 

2.5 I 7.65 0.270 

5.0 2 5.10 0.270 

7.5 3 2.55 0.160 

10.0 4 0.00 0.090 

12.5 5 —2.55 0.036 


Example: If one defective unit will be discovered, P, = 
2.5%, the operator should get: 
100 X 1.0—0.025 KX 100 K1.0= 97.50 
M =0.0765XK100= 7.65 
105.15 standard minutes 
105.2 
In this case the operator will be remunerated with 10.2 


(ten point two) standard minutes. 
Note: we can check this result with the scales of figure 


1. A will receive: 2 


15.912 when A operates 
and B inspects 

3.672 when A does not operate satis- 
factorily and B does not inspect 

—56X0.102=— 5.712 when A operates satisfactorily 

_ and B does not inspect 
— 1X3.675=— 3.675 when A does not operate satis- 
factorily and B inspects. 


39 X0.048 = 


4X0.918= 


10.197 ~10.2 standard minutes at re- 
muneration 


in total 
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RECAPITULATION 


In order to apply the Game Theory in quality control 
where an incentive system is available, the following has 
to be accomplished: 


1. Standardize the operation through a time and motion 
study. 

2. Determine the inspection method. If sampling is used, the 
size of the sample has to be defined in view of the available inspec- 
tion force. This size will represent the “best” strategy. 

3. Determine the defective tolerance. This tolerance moves 
within different limits (and is always subject to discussions) but 
in industry rarely does it exceed 10 percent. 

4. Caleulate the values of X,, Ne, No, Na and afterwards the 
coefficient a. This will make it possible to obtain the expression 
for the quality level factor MV. 

5. Before introducing the method, both operator and union 
representatives have to be briefed and the basic principle of the 
theory explained to them. 

6. Instruct inspectors. Inspectors should periodically increase 
the sample size over the best strategy (but never decrease it!) in 
order to maintain the interest of operators in turning out high 
quality production. The sample size is increased in every case 
when there is indication of quality deterioration 

7. Explain to the clerical staff how the computation of the 
standard minutes is to be performed, and prepare tables for V 
to facilitate the calculation. 
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Travel Charting with Realistic Criteria 


by ROBERT W. LLEWELLYN 


Associate Professor of Industrial Engineering, North Carolina State College 


Mos: Industrial Engineers were first introduced to 
travel charting by Wayland P. Smith's article (3). Some 
aspects of his method were reviewed by Lundy (2). An 
alternate method of determining machine placement in 
plants having a non-uniform product flow was presented 
by Buffa (1). This article will deal with a type of travel 
charting whieh extends the work of Smith and Lundy and 
Incorporates some of the concepts presented by Buffa. 
Following Smith's lead, the method will be presented 


by means of an example. Consider the eight products 
a 


hated in Table 1. The sequenees of operations, parts per 
month and unit load sizes were assumed, The total num- 
ber of loads per product per month were then caleulated 
to complete the table. Table 2 is a statement of the num- 
ber of square feet of space needed for each department. 
While these data were assumed here, they can always be 
determined from production data. Figure 1 shows a trial 
layout of the departments concerned. In many instances, 
the first trial layout would be the layout in use when the 
analysis was started. 

Having this layout drawn to seale, it was then pos- 
sible to construct the Distance Chart of Table 3. In 
determining the distance between departments, the fol- 
lowing assumptions were made: 

1. In order to go from any department to any other department, 

a truck must first go out to the aisle, then along the aisle 
to a point opposite the next department and then into that 
department 

2. It was assumed that the average point moved to or away 

from om each department was the center of that department. 

3. Moves from the raw material area were assumed to start, 

on the average, from points X or Y (Figure 1) rather than 
from the center of the area. The same reasoning was applied 


to the finished goods area, 


TABLE 1 


Products and Sequences 


Nequence Partsmonth Parts load | Leeds 
month 
1 | RM-A-C-F-D-B-FG 4000 200) 20 
9 | RM-C-D-C-F-FG 20 
3 | RM-A-F-B-E-D-FG 6000 200 30 
RM-B-P-D-FG 2000 500 
5 S000 400 | 
| RM-k-D-F-C-D-FG 3000 | HOO 
7 | RM-C-B-F-D-FG 4000 800 
8 | RM-A-F-E-D-FG 12000 | 1000 


TABLE 2 
Department Areas 


RM Raw Materials) Sjuare feet 


A 700 

700 

1050 | 
1125 
| 1725 | 

1575 

FG (Finished Goods) 1600 


The next step was to construct the Move Chart (Table 
4), which was done in the same manner in which Smith 
constructed his travel chart of unit moves. It shows the 
total number of unitized loads for all product4# from each 
department to each other department. Movements above 
the diagonal line indicate backward travel as they did in 
Smith's chart. 

The Travel Chart (Table 5) was then constructed by 
multiplying each entry in the Distance Chart (Table 3) 
by the corresponding entry in the Move Chart (Table 4). 
The result was a table which shows the total movements 
of the products from each department to each other de- 
partment in move-feet per month. By adding columns 
and rows in Table 5, the total travel from each depart- 
ment and the total travel to each department was ob- 
tained. A partial check on the calculations is that the 
row totals should equal the column totals. This grand 
total is the number of move-feet per month necessary to 
accomplish all moves. 

In order to establish a criterion for determining the 
efficiency of the system, the following reasoning was used: 


1. To get out of the department, a load must be moved 22 feet 


TABLE 3 
Distance Chart of First Layout 


rRom 

RM 64 64 89 129 iz 164 

A as 69 72 109 112 1% 

. 64 as 69 72 109 112 144 

89 69 69 as 87 119 
we 109 109 as 
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TABLE 4 
Move Chart of First Layout 


FROM 
RM R +4 D Fr Totals 

RM 

A 62 62 

20 50 59 
Sie 45 20 5 90 

D 25 67 29 12] 

E 5 50 42 67 

F 4 60 5 116 

FG 20 76 20 116 
Totals 116 59 90 121 67 116 

TABLE 5 
Travel Chart of First Layout 

A 2968 

256 B45 16s $401 

4005 435 67 
D 1175 S427 24% 9M 

645 3270 is* S419 

1008 5220 11982 

288 8216 1520 13216 
Totele 887% 7158 67% 11614 $427 9255 


to get to the center of the aisle. To get into another depart- 
ment, the load must be moved an equal distance, Thus 44 feet 
of “internal” travel was required per move. 
2. Table 6 was used to determine the average amount of aisle 
movement per move. First the number of moves per product 
(between departments) was multiplied by the number of 
loads per month of that product. Then the weighted average 
number of moves per product was obtained by adding the 
results of the above multiplications and dividing by the total 
number of loads per month from Table 1. The result of this 
calculation was that the average number of moves per 
product is 5.45. Since each product starts in the raw material 
area and ends in the finished goods area, it must move-120 
feet in the “forward” direction. Therefore, the average travel 
along the aisle per move would be 120/5.45 or 22 feet if no 


backtracking occurred. 


3. Adding the “internal” travel to the aisle travel giyes a total 


| 


| Product No. 


TABLE 6 
Calculation of Average Aisle Distance per Move 


Loads month 


20 
20 
30 


5 
12 


116 


Moves product month 


| 


| 


Weighted average moves /product =631/116 =—5.45 moves per 


roduct. Average 
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istance per move = 120/5.45 =22 feet. 


x RM 
B A 
D 
E F 
FG 


Fic. 1. Original Layout (Seale 1/16" = I’) 
of 66 feet of travel for the average move for the condition 
of no backward travel. 
The last step in the analysis of the first trial layout, 


then, is shown in Table 7. The Optimum travel from each 


TABLE 7 


Calculation of Optimum Travel and of Efficiencies for First 


Layout 
Dept. Distance Moves Optimum Actual thevency 
MOVES FROM 

r RM 66 116 7656 S874 86.3% 
66 62 4092 | 67.3 
O6 121 | 11616 O88 
67 4422 | 5427 81.5 
F «666 L16 7656 0255 | 82.7 
PG | 41646 55154 75.5 

MOVES TO 

A 66 62 4092 3068 103.1% 
B 66 59 5401 | 72.1 
66 oo | 5940 6760 87.0 
D | 0038 88.4 
66 116 7656 | 11352 | 67.4 
FG | 66 | 116 | 7656 | 13216 57.9 
i | . | 41646 | 85154 75.5 
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| 4 
| 
| ] 
| | 
4 
| 
| 
4 
4 
| 
4 
I 
No. of Moves 
6 120 
5 
180 
4 16 
5 20) 
5 30 
5 | 25 | 
5 
631 
\ 
218 


department was obtained by multiplying the sums of the 
columns of the Move Chart (Table 4) by 66 feet. The 
Actual travel from each department is the total of the 
corresponding column of the Travel Chart (Table 5). 
The Optimum and Actual travel to each department was 
obtaimed in the same way by working with the row totals 
from the same charts. The ratio of optimum to actual ts 
the efficieney of each combination. The result is the effi- 
cieney of each department in relation to the work leaving 
and entering the department. The overall efficiency for 
the entire lavout ts also obtained 

In the problem, departments A. B and D were poorly 
located in relation to the destinations of materials leav- 
ing the departments, as indicated by the efficreney figures. 
Departments B and F and the finished goods area were 
poorly located in relation to the departments immedi- 
ately preceding them in the processes. A consideration of 
these facts together with a study of moves charted above 
the diagonal line on the Travel Chart lead to the con- 
conclusion that department B should be further down the 
aisle and that department 1) should be located adjacent 
to the finished goods area. This rearrangement of depart- 
ments is shown in Figure 2. 

This layout was then evaluated in steps as follows: 

1. A new Distance Chart was made (Table 8) 

2,.A new Move Chart was made (Table 9). Note that this 


TABLE 8 
Distances (‘ha Ne cond Layout 
RY 64 69 129 14%? 164 
A 64 &9 % ?? 109 11? 14s 
69 9 69 72 106 
7% 69 4? 7 87 114 
oir 9? ? 72 4? 276 84 hi) 
129 109 106 79 79 
D 1%? 11? a? as 71 
ro 1464 114 lil 71 


TABLE 9 
‘ (‘hart al cond Layout 


a 4 62 
le 2 *9 
) 6” 
ro 20 20 76 116 
Totels 116 6. a $9 116 6? 
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RM 
B F 
D 
FG 


Fie. 2. Revised Layout (Seale 1/16" = I’) 


involves merely a relisting of departments as compared to 
Table 4. This chart was made to simplify the next step 

3. A new Travel Chart was made (Table 10) 

4. Efficrencies of the layout were computed (Table 11). Note 
that the optimum travels are the same as in the first lavout 
(Table 7). 

The efficiency of the overall system has been raised 
from 75.5°° to 88.6%. More significant, the total travel 
has been reduced from 55,154 move-feet to 46,984 move- 
leet, a saving of 8,170 move-feet per month. It might be 
possible to further improve the layout, but the example 
has now served its purpose. 


TABLE 10 
Travel Chart of Second Layout 


Freon 
a™ 
964 
¢ 3105 wo 2240 6645 
2770 | “47 
‘800 24% eae 20 
ro 2280 | 2220 
Tetelse | 7865 | ae ake 


L 
| 
| 
| 
| | | | 

| 
| 
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TABLE 11 


Calculation of Optimum Travel and of E ficiencies of Second 


Layout 
Optimum | Actual 
Department | No. of Moves | | E ficiency 


MOVES FROM 


7656 


S004 


| | 
A | 6 | 4002 | 4214 97.1 
D | 121 | 7986 9796 81.5 
| 116 | 7656 | 8858 86.4 
| 41646 46984 88 .6 
MOVES TO 
A 62 | 4002 | 3968 | 108.1% | 
Cc | 90 | §940 6685 | 88.9 
| 67 | 4422 | 5447 | 
F 116 7656 | 8397 91.2 | 
FG | 116 | 7656 | Y896 | 77.4 
| | 41646 | 46984 | 88.6 


Some comments are needed on the assumptions and 
criteria used. 


It was assumed that all movements must be made via the 
aisle rather than go directly across department lines. That is 
not essential to the system and if more direct movements 
are possible, they should be so handled. 


. Backward travel was given the same weight as forward 


travel. The penalty for backward travel is automatically 
included in the method. If a product goes backwards at 
some point in the process, it must traverse a given aisle 
length three times (forwards, backwards, then forwards 
again) instead of once. Also, it costs no more to move the 
material backwards than it does to move it forwards. Elimi- 
nation of the artificial penalty for backwards travel allows 
the problem to be worked in terms of actual travel distances 
and avoids a “loading” of the method that could easily lead 
to layouts of less than optimum efficiency. 


. The method of computing the optimum distance traveled in 


an average move was rather arbitrary. Its use leads to effici- 
encies of over 100% for some departments. This happened 
when most of the moves from or to a department were of 
distances up or down the aisle shorter than the average 
computed in Table 6. A substitute criterion could be the 
shortest move possible in a forward direction. This, how- 
ever, could still lead to efficiencies in excess of 100% if shorter 
backward moves were possible. Still another criterion could 
be the shortest move possible in either direction; this might 
lead to evaluating forward moves in terms of backward 
moves which are shorter but inefficient. The prime advantage 
of the criterion used is that the optimum move distance is 
the same for all departments and remains the same in later 
trial layouts unless the raw materials and finished goods 
areas are moved, This is not true of the alternate criteria 
suggested. The criterion is used only in determining the 
additional trial layouts, in any event. The real test of a 
given layout is the total number of move-feet required to 
complete all processes as compared with the move-feet re- 
quired with alternate layouts. 


This problem was worked with unit load data rather than 


weight. Because of the nature of the problem, conveyor sys- 


tems can not be considered. The material must be moved 
with fork trucks, platform trucks, hands trucks or similar 
equipment, all of which demand unitizing the load to the 
largest practical size for maximum efficency. Once that i« 
done, the weight differences of loads of the various products 
is a small factor, while the number of moves and their dis- 
tances are very important. 


The advantages of this type of charting appear to be: 


1. The distance figures are realistic. Thev reflect the actual 
areas occupied by the departments and include the travel 
within the departments. 

2. Efficiencies are obtained for each department in addition 
to the overall efficiency. These are of benefit in proceeding 
to the best lavout in the minimum number of steps. 

. The calculations are in a form which the line personnel can 
appreciate and which do not contain any assumptions con- 
trary to their concepts of the situation. 

4. The method can be extended to any number of products, any 
number of departments and any shape of building. Some in- 
genuity may be needed in determining the criterion on which 
to base the department efficiencies when working with some 
odd shaped buildings, but a working criterion should always 
be possible. 

5. The method is not limited to working with any given list 
of products, When the product mix is constantly changing, 
a sampling procedure can be used in the shop to estimate 
the number of moves per some unit of time between de- 
partments. These would then be posted directly to the Move 
Chart. Then, working with a Distance Chart of the existing 
plant, the first Travel Chart may be prepared and the analysis 
begun. 
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CONFERENCE EXHIBITS 


AMERICAN AIRLINES 
523 Weat Serth Street. Loa Ange les FF Cahfornia 


As the total preondin thon of goods and servicers has expanded in 
the United Stutes. our distribution «ystem has become increasingly 
compheated. For this reason, distribution cowts have tended to rise 
and the achievement of greater ditmbution efficsenev has become 
an mereasingly important objective for more and more forward- 
looking companies. The 20th Century Fund «tudy, “Does Distribu- 
thon Too h” shows that hts our of every dollar goes 
toward the cost of distmbutimge goods 

Our exhiulnt will show how a firm can effectively reduce their 
over-all distribution costs or increase their «ales in new or present 
markets through the use of air fremht. A tramed distribution con- 
sultant will be available at the exhibit to discuss specific appliea- 


GREAT BOOKS OF THE WESTERN WORLD 
(i>? South Lataw fle Park Place at Wilshire 


GREAT BOOKS OF THE WESTERN WORLD 


and pres nied by Britannica m collaber strom with the University 


f 


of Chicago. The publication of this work ie regarded as an out- 
standing event in the fields of literature, philosophy and science. 
It is not just a reprint of books already in your library. The 54 
volumes which comprise the GREAT BOOKS were selected after 
S vears of research by 100 eminent scholars at a cost of over two 
million dollars. Many of the books have been especially trans- 
lated into English. Many of them are out of print and unobtain- 
able through normal channels, Together they include all the 
accumulated wisdom of 3,000 vears of civilization. Their magni- 
tude however is not in their authors and subject matter alone. 
Published with them is the great new SYNT* IPICON, designed to 
make your reading more meaningful. The SYNTOPICON is quite 
literally a great teacher “living” in vour home, always at your 
disposal to guide your reading, to interpret the great ideas and 
make clear to you the most abstract thoughts. 


THE WORK FACTOR COMPANY 
Haddon Heights, New Jersey 


The WORK-FACTOR Company exhibit is designed to acquaint 
visitors with the management consulting services which the com- 


West Atlantic Avenue. 


pany provides for business and industry 

Interesting appheations of WORK-FACTOR predetermined 
motion times to standard data, day work and incentive plans will 
be shown, 

Information will be supplied about Mims, the newest and simpl- 
est technique for estimating, methods and measurement 

A section will be devoted to current WORK-FACTOR research, 
especially in the area of mental Processes and \ istuual Inspection. 

Displays will be made of WORK-FACTOR applications in 
Japan and Europe 

Information will be available about other services including 
interesting work now being done im the fields of maintenance cost 
reduction and hotel management 

Members of the WORK-FACTOR Staff will be available to ex- 
plain the material on exhibit and to answer specific technical 


questions. 
ROYAL McBEE CORPORATION 
Westchester Avenuc, Port Cheater. New York 


Royal McBee will present its Keysort Plant Control Plan to 
the industrial engineering profession. This Plan is a simplified pro- 
cedure, using Keysort marginally punched cards and forms, for 
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handling such important functions as Production Planning, Sched- 
uling and Loading, Timekeeping and Production Reporting, In- 
ventory Control and Material Requisitioning. These reports and 
forms are designed to elicit statistical Load and Efficiency reports 
for in-plant operations 

These plant reports are then sent to management for the prep- 
aration of five “quick” reports: 1. comparative earnings statement, 
2. daily labor report, 3. cost recovery report, 4, weekly work load 
and 5. monthly plant operating statement. With these statistics, 
plant management personnel ix more intelligently equipped to 
make decisions im our present reing cost economy. 


INTERNATIONAL BUSINESS MACHINES 
CORPORATION 


590 Madison Avenue, New York 2%. New York 


Automatic Production Reeording fille a vital need. Thousands 
of hours are now being spent in plants and factories on data collec- 
tion and recording. Much of this information is poorly or incor- 
rectly reeorded, and a substantial amount finds its way into ac- 
counting svstems. Management has been aware that a great deal 
of these data are unreliable, as well as expensive and difficult to 
collect, and thoroughly inadequate for the purpose of sound man- 
agement decisions. 

With APR, production variables such as weight, count, length. 
and temperature, together with the related information that 
identifies the product and the prockas are automatically collected 
in great volume and recorded in printed and punched form. This 
information can be fed directly to data processing machines cap- 
able of preparing production, cost inventory, and other manage- 
ment reports. Management will have available a running picture 
of current production performance for on-the-spot supervision. 

APR is made up of a system of components which may be com- 
bined in small, simple systems or in complex networks, depending 
on the application. These components include vafious types of 
input devices—clocks, keyboards, and a device that) converts elec- 
trical or mechanical impulses from measuring instruments to 
digital form; storage devices; a programming unit; and output 
devices—an automatic typewriter and a tape perforator. These 
components have been developed to meet the needs of many and 
varied production problems and to be compatible with commer- 
ciallv-available measuring instruments. 


MARCHANT CALCULATORS, INC. 
1475 Powell Street, Oakland 8, California 


A special feature of the exhibit of Marchant Calculators, Inc., 
Oakland, California (Booth No. 15) will be a display that pictures 
and describes the vital part plaved by Marchant’s Industrial En- 
gineering Department in operation of the company’s plants and 
manufacture of its products. 

This leading manufacturer of calculators and adding machines 
has a strong industrial engineering department that is closely 
identified with development engineering, production engineering, 
and processing, production and assembly operations. 

The product line to which Marchant’s industrial engineers con- 
tribute through these activities will be on display and will be 
demonstrated for visitors. It includes a full range of models of 
electric desk calculators and a 10-key adding machine. 

Probably of major interest to industrial engineers is Marchant’s 
new Deci.Magic caleulator, which ends decimal point worry, as 
all decimals are set automatically in all entries and the answer. 
Also, it is never necessary for the operator to shift the carriage or 
clear the dials, as the Deci.Magic performs both operations auto- 
matically at all times. 
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8:00-9:00 am. 
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9:00 A.M. 
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12:00 NOON 


222 


THURSDAY. 


The American Institute of Industrial Engineers 
Will hold its 


NINTH ANNUAL CONFERENCE AND CONVENTION 


Thursday, Friday & Saturday, June 12, 13 & 14, 1958 


The Hotel Statler in Los Angeles 
HIGHLIGHTS OF AITE CONFERENCE 


Business Game—Automated Decisions 
Chief Industrial Engineers Clinic 


Small Business Forum 
Electronic Data Processing 
June 12, 1958 

Registration & Exhibits 

Gateway to Productivity 


Gen. Ben I. Funk, Deputy Director Ballistic 
Missiles, Air Materiel Command 


The Industrial Engineers’ Concept of Pro- 
ductivity 

1-A Productivity in Manufacturing 

Electronics 

R. B. Parkhurst, Vice-President, Manufactur- 
ing. Hughes Aircraft 

Aircraft 

T. L. MeCarthy, Director of Masters Pro- 
grams and Analysis, Northrop Aircraft, Inc. 

Laight Manufacturing 

W. H. Trumbull, Vice-President, Paper Mate 
Manufacturing Company 


Chairman: Harry J. Kraig, Ernst & Ernst, 


Sierra Room 

I-B Productivity in Processing 

Petroleum 
R. M. Brown, General Superintendent of 
Operations, Union Oil Company 

Steel 

T. L. Carroll, Chief Industrial Engineer, Co- 
lumbia-Geneva Division, United States 
Steel 

Food 

A. L. Buffington, Production Manager, Dia- 
mond Walnut Growers, Inc. 

Chairman: Walter R. Herbst, Consolidated 
Western Steel Division, United States Steel, 
Wilshire Room 

I-C. Productivity in Service Industries 

Insurance 

Wesley 8S. Bagby, Comptroller, Pacific Mutual 
Life Insurance Company 

Transportation 

John M. Gilbreth, Manager of Operations 
Research, Grace Lines, Inc. 

Retail 

Aivin M. Ferst, Jr.; Supt. Planning & Plant 
Management, Rich's, Inc. 

Chairman: Donald L. Mihelich, Bobrick 
Manufacturing Corporation, Garden Room 


Human Engineering 

Charles Luckman, Pereira & Luckman 

Chairman: Arthur L. Chilman, Columbia- 
Geneva Division, U. 8. Steel, Pacific Ball- 
room 
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Exhibits 


Ladies Program 
Plant Visits 
Complete Case Studies 


General Session II 
2:00 pm. 


Special Session I 
2:00 P.M. 


Technical Session 
I 
2:00 P.M. 


BANQUET 
7:00 P.M. 


Productivity Realized Through Industrial 
Engineering Analysis 

Engineering Applications 

Product Desiqn 

Melvin H. Best, President, Melvin Best As- 
sociales 

New Product 
Planning 

Arthur J. Casebeer, Planning Director & Pro- 

Manager, Cannon Electne Com- 


Dew lopme nt——f’ re -production 


duction 
pany 
Facilities Utilization & Planning 
Dr. William T. Morris, Department of In- 
dustrial Engineering, Ohio State University 
Chairman: N. Perkowski, Assistant Protessor, 
University of Southern California, Serra 


Room 
11-B Management Applications 


Factors in The Economic Analysis of Auto- 
matic Equpment 
Raymond R. Maver, 
School of Business, University of Chicago 

The Techniques of Profit Control 

Charles A. Bogennef, Department Head, 
Industrial & Plant Engineering, Robertshaw 
Fulton Controls Co. 


Associate Protessor, 


Orgamzation Analyss—A New of 


Industrial Engineering 
Charles F. Rowbotham, Long Range Planning 


Coordinator, Rocketdyne, Div. North 
American Aviation, Ine. 
Chairman: Howard P. Emerson, Professor, 


University of Tennessee, Wilshire Room 


Productivity Demonstrated—A Case Study 
of Industrial Engineering in Action 

D. D. Henion, West Coast District Manager, 
Management Services Division 

J. D. MeFadden, Management 
Ernst and Ernst 

Chairman: Peter P. Pruce, Ernst and Ernst, 
Garden Room 

Linear Programming—Planning for ‘Opti- 
mum Productivity 

Dr. William Karush, Svstems Development 
Corporation 

Chairman: Ira K. Hearn, Kennecott Copper 
Corporation, St. Louis Room 


Some Economic Aspects of the Cold War 
Dr. Neil H. Jacoby, Dean, Graduate School 


Consultant, 
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on 
at 


(aeneral Sesspon 


lil 
0-00 AM. 


Technical Pane Is 
9-00 AM 


May—June, 1958 


of Business, University of California, Los 


Ang lees 

Charman: Howard Diekason, Anderson- 
Nichols & Co... Paeitie Ballroom 

FRIDAY —June 13, 1968 

Advanced Industrial Engineering Method- 
ology 

Systems Analysis 

Vonts Carlo Ve thods 

Dr. G. W. Brown, Director Western Data 


Processing Center, UCLA 


Theory and the Theory oft 


Simulation. Game 


the Firm 

Dr Martin Shulnk, Consultant, General 
Klectrie Co 

Some Practical Stmulations of (dpe rations 


Dr. John B. Lathrop, Manager Operations 

Research, Lockheed Apreraft Corp 

Arnold A. Cowan, Bobnck Mig 
Corp. Sierra Room 

111-B Manufacturing Analysi« 

Automatic Production Recording 

k. Howard Cee, Manager, Western Region, 

Equipment Divison, IBM 

Automatic Production Control 

Tom C. Fisher, Special Representative, West- 
ern Region, Data Processing Division, IRM 

(‘ontrol 
Manager, 


(Chairman 


C‘omputenzed Production 

J. T. Clark, Production 
keepse Plant, IBM 

Lee S. Sharp, Consolidated West- 

Wilshire 


(‘hamrman 


ern Steel Divison, Steet, 


Room 

I—Electronic Data Processing—The Fourth 
Dimension of Productivity 

fie Th ough Data Proce 


Charles A. Phillips, Director, Data Systems 
Research Staff, Office of Asst. Seeretary of 
Detense 

in Utshzing Computers the 


Vanagement Control Loop 

John Hawk, Director, Apphed Scrence, The 
Service Bureau Corp 

The Impact of RDPM enn Jobe. Proce dures 
and People 

J. D. Elhott, Supt of Revenue Accounting, 
Detront Edison Company 

Chairman: Maunee D. Pratt, IBM, Garden- 
West Room 

1l—Increased Profits in Small Plants 

Production, Purchasing and Inventory Con- 
trols 

N. A. Lamberri, Vice-President and General 
Manager, Rvder-Flhott, Ine 

Working Replacement Camtal & 
Erpansion Camtal for Small Plants 

Leonard Weil, Vice-President & Manager. 
Installment Loan Dept. Umon Bank 
Trust Company 

Small Plant Sales & Contracts 

Donald L. Driscoll, Viee-President, Contracts 
& Sales, Cal-Tronies Corporation 

Industrial Relations 
Plants 

Martin S.. Mevers, General Manager, Utility 
Cabmet Co. 


Catal, 


& Jncentives in Small 
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LUNCHEON 
12:00 NOON 


Special Session II 


2-00 PM. 


Technical Panel 
lV 
2:00 PM. 


Technical Session 


II 
2:00 pM. 


Ceneral Session 
lV 
3:30 PM. 


SATURDAY 

NATIONAL CONVENTION 
8:00 Delegate Registration 
9:00 Convention Seson 


Chairman: Homer H. Grant, Head, Industrial 
Engineering, University of Southern Cali- 
fornia, New York Room 

111—Psychology and Productivity 

Drive Them—or Lead Them 

Dr. Harry L. Coderre, Partner, Rohrer, Hibler 
« Replogle 

Dr. Milton Gordon, Associate Director, Man- 
agement Development Center, California 
Institute of Technology 

Mark Lundin, Industrial Relations Manager, 
Western Division, The Dow Chemical Co 
Pitt=burg, California 

Chairman: Edwards R. Fish, Jr.. Northwest- 
ern Glass Company, Washington, Garden 
Room 

Motivating Engineers 

Dr. Robert S. Bell, 
Electronics Corp. 

Chairman: C. Wilson Whitston, 
Markets Unlimited; President, Los Angeles 
Chapter AILE, Ballroom 

Management of New Products 

Ralph W. Jones, Booz, Allen and Hamilton, 
Management Consltants 

Chairman: John E. Jardine 
Laboratories, Sierra Room 

Job Simplification vs Job Enlargement 

Dr. R. N. Lehrer, (Chairman. Industrial 
neering Dept.. Northwwestern University 

Dr. Neil D. Warren, Prof. & Head Dept. of 


Psychology, Universitv of Southern Cali- 


Packard-Bell 


President, 


President, 


il, Maghead 


fornia 
Chairman: Joseph D. Carrabino, Associate 


Professor, UCLA, Wilshire Room 
Productivity Without Compromise 
Industrial Engineering versus The Burden of 

the Paat 
Frank H. Squires, Director of Quality Control, 

Topp Manufacturing Company 
Productivity Through Attention to Quality 
Prot. W. Grant Ireson, Executive Head, De- 

partment of Industnal Engineering, Stan- 

ford University 
Chairman: Dale L. 

Lines, Garden Room 
Human Implications of Productivity—The © 

Social Responsibilities of Industrial Engi- 


Lobsinger, United Air 


neering 
Dr. Adam Abruzzi, Professor of Industrial 
Engineering, Stevens Institute of Tech- 
nology 


Chairman: Donald L. Johnson, Convair Di- 
vision, Consolidated Electrodynamics Corp.. 
Pacific Ballroom 

June 14, 1968 

12:00 Luncheon: Kevnote Ad- 
dress of the President-Elect 

2:00 Afternoon Convention Ses- 
son 


The (Conference —Thursday and Fndav—is open to non-members 
as well as members. The Convention meeting on Saturday is 
open only to members. | 

For a detailed announcement or registration write to: Ninth 
Annual Conference American Institute of Industrial Engineers, 
P.O. Box 22069, Los Angeles 22, California. 
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THE INDUSTRIAL ENGINEER IN GOVERNMENT, by Frank 
T. Geyer, Journal of Industrial Engineering, November-December, 
1957. 


My compliments on your article by Mr. Frank Geyer, “The 
Industrial Engineer in Government,’’ in the November- Decem- 
ber, 1957, issue. Particularly, I refer to the sections on the Mili- 
tary Industrial Engineer and the Military Industrial Engineer as 
a Supervisor. 

My keen interest and appraisal of these sections is a natural 
turn of events because of my background. I am a graduate of the 
United States Military Academy (West Point). Having resigned 
from the Regular Army several years ago, I am now in Industrial 
Engineering in non-government work. Considering my education 
at West Point, furthered by some gfaduate work, | believe that 
I can speak with some degree of experience as the ‘generalist’ 
you speak of, and as the “‘specialist’’ you refer to. 

My field and garrison experience in the military has been 
primarily as an Infantry Company Commander, and on staff. 
I wish to point out that there lies a closeness in these areas for 
the Industrial Engineering ‘“‘thinking.”’ These are easily recog- 
nizable in the scope of the commanders’ and staff officers’ duties 
and responsibilities: the administrative functions, supply re- 
sponsibilities, manpower management (personnel), education 
and training. Even the awareness to the comparison of a layout 
of “foxholes and fortifications’ to a plant layout should not be 
overlooked. A commander finds problems of a logistical nature, 
communications, proper use of ancillary personnel and decisions 
beyond the pure military tactics and strategy. My further mili- 
tary education at basic and advanced officers schools covered 
aspects directly associated with Industrial Engineering. In fact, 
certain forms and methods used may be found identical with 
those in Industrial Engineering Handbooks. 

Thus, the place of the Industrial Engineer, I believe, extends 
beyond those areas listed in the article. Jn all connections with the 
military services, a knowledge, understanding, and proper applica- 
tion of the military aspects commensurate with one's position is an 
absolute necessity. The two go hand-in-glove. Perhaps your classi- 
fication of an Industrial Engineer in the capacity of “ Military 
Administrator” is a closer acknowledgment of what I bring out. 
For indeed, there is a likeness of Industrial Engineering ‘‘think- 
ing’’ and the mental processes a military leader, from squad 
leader up to senior commander, must go through. Melrin A. 
Young, Creve Coeur, Missouri. 


THE HIGHER OBJECTIVES OF INDUSTRIAL ENGINEER. 
ING, by M. A. Payne, Journal of Industrial Engineering, March- 
April, 1957. 


I have recently re-read Mr. Payne's, “The Higher Objectives of 
Industrial Engineering” after several months, In this article Mr. 
Payne has, so to speak, forged out an ideal for Industrial Engineer- 
ing. This is something that Industrial Engineering has needed 
since its inception, for it has too long been chiefly concerned with 
its details, namely, its techniques such as motion and time study, 
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production control, ete. As valuable as these techniques are, the 
fact remains they are easily acquired and have little appeal to the 
idealism of people. What Industrial Engineering has needed and 
what Payne has supplied is a grand ideal to work toward—an 
objective that is not only sound but emotionally appealing. I 
salute him for his approach. 

Organization, which is in my view the Industrial Engineer's 
real area of operation, is man’s greatest invention. Essentially 
organization is a labor saving invention. But it is even more than 
this, for human satisfactions are created by organizations, thus 
aiding people to realize their aspirations. This concept, it seems to 
me, needs to be erystalized in the objective of Industrial Engineer- 
ing for it to have wide appeal. 

In my mind the Industrial Engineer is essentially a manager 
who employs materials, machines and physical and mental efforts 
of people in production of utilities for the satisfaction of people. In 
my opimion, the function of a manager is to direct persons in 
such a manner that he and those he directs more nearly realize 
their aspirations than they otherwise could. In other words, the 
function of a manager, and so, the function of Industrial Engi- 
neering, is the realization of human aspirations through organized 
effort. 

Tead, in his Art of Leadership, published by MeGraw-Hill many 
years ago defines leadership as the “activity of influencing people 
to cooperate towards ends that they come to desire.” This idea is 
essentially embodied in Mr. Payne's statement which reads, “The 
objective of Industrial Engineering is to help mankind attain per- 
fection in the application of its abilities and talents.” However, 
the idea of perfection in his statement appears to me to miss the 
point slightly. In my way of thinking, perfection in the applica- 
tion of talents, is not an end but a means. This leads me to sug- 
gest, “The basic objective of Industrial Engineering is to help 
mankind to apply its abilities and talents with optimum fruitful- 
ness (with respect to both objectives and means).” This objective 
is similar to that advanced in 1908 by a Professor Stott in a defi- 
nition that reads, “ENGINEERING—The art of organizing and 
directing men and controlling the forces and materials of nature 
for the benefit of the human race.” 

Our local Oklahoma Society of Professional Engineers recently 
asked a leading lawyer to talk on the subject of “legal profes- 
sionalism.” He stated that the preparation for this talk had done 
him a great deal of good because of the occasion of his reading 
the lawyer's oath and code of ethics, This was the first time he had 
read it since being admitted to practice—some 14 years before. 
He had forgotten the ideals he once professed—and still believed 
in. Likewise, it would do us well to read Payne's message every 
once in a while. 

Mr. Payne is doing Industrial Engineering and AIIE a great 
service in seeking to crystallize an ideal toward which we can 
work. We should all join him in his éffort—H. G. Thuesen, Pro- 
fessor, School of Industrial Engineering and Management, Okla- 
homa State University. 


MEASURES OF THE EFFICIENCY OF ACCEPTANCE SAM. 
PLING PLANS, by Tee H. Hiett, Jr.. and Don 8. Holmes, Jour- 
nal of Industrial Engineering, July-August, 1957. 

Equations 5 and 6 should be as follows: 


E,=-— 
nAQL nAQL i! 


The charts presented in the article are correct as they were de- 
veloped from the above equations.—Tee H. Hiett, Jr.. and Don 8. 
Holmes. 
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AUTOMATION 
“Automate with ‘Off-The-Shelf Equipment,” by Chester Linsky, 
FLow, Apri, 1957. 


Too many manufacturers stay clear of automation because 
they are afrand it will mevitably involve expensive, highly special- 
ized machines which must be amortized over short periods, says 
the author. Pointing out that a firm does not have to make com- 
plete automation its immediate goal, he deserthes some low-cost, 
standard equipment available and gives concrete examples of 
how it ean be imeorporated with a plant’s present facilities to 


profitably imerease mechanization of operations. 


“Evaluating Production Equipment for Automation,” by D. A. 
Cargill, PH. Richardson. Val Wallace Baran, Robert Sattler, 
and J. H. MehRamey, avtomation, May, 1957. 

This special 27-page roundup of basic automation equipment 
and techniques should be a useful guide in helping a company 
select the type of equipment most suited to its specific needs and 
purposes, Included are sections on: I. using standard equipment, 
2. applying “building block” techniques, 3. using transfer machines, 
1. developing <pecial-purpose equipment, and 5. using tape- and 
card-controlled machines for short runs and job lots, 

“Mechanical-Assembly Equipment,” by G. Pitagerald, 
MECHANICAL ENGINERRING, April, 1957 

Companies should be on their guard agaimet mechanizing their 
assembly processes On the that “because it is automatic 
it is good,” savs the author, pointing out that automatic assembly 
is not always the best solution from a cost standpomt. He recom- 
mends a detailed study of existing facilities to determine the 
exact degree of as mbly automation necessary to produce maxi- 


efhicreney nt reasonable cost 


“Thee Astonishing Compute ra, hy Willam B. Harris, PORTUNE, 
June, 1957. 

Since 1954. when the first sale of a large-scale electromie com- 
puter to process business-ofhice data Wiis made, more than 1,200 
computers have gone into commercial use. But despite this daz- 
zling boom, says the author, computer manufacturers face difficult 
problems: It is costly to educate new owners in how to use the 
complex machines, production is painfully. slow, and, since 80 
pereent of computers are rented rather than sold, manufacturers’ 


financial requirements are enormous, 


“The Impact of Automation,” aAMenican mMacuinist, October 
77, 1957. 

The broad evaluation of the progress of automation in industry 
in the nine-vear period since the work was first used, Based on 
the editor's experience in reporting developments during that time, 
on a special survey of the metalworking industries, and on scores 
of interviews with men in industry, this special report reviews the 
extent to which automation is being used in U. 8S. plants today, 
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eadables 


> 
the success it has enjoyed, its effect on productivity, and some 
gurrent appheations, In addition, one article assesses the role that 
plant automation will play in the future. 


COST CONTROL 


“Getting the Facts to the Foreman for Control” by Paul 
Scharninghause nm. NACA, BULLETIN, Sectton April, 1937. 


In setting up cost-control procedures, management too often 
fails to supply the line supervisor with the accounting tools he 
needs to maintain a close watch on costs in his department, the 
author believes. He deseribes how cost data supplied to foremen 
at Tung-Sol Electric, Ince. (Newark, NJ.), including dailv labor 
analyses and reports on material usage, controllable overhead, 
and quality level, have resulted m savings far greater than the 
extra expense involved, 


“How to Ease the Pressure of the Big Profit Squeeze,” by W. 
McNeill, cuemicat week, page 93, January 25, 1958. 

The lean look apparent in many process companies’ new-profits 
column isn't entirely the result of economic pressures beyond 
management's control, Shrinking profit margins may often be 
traced to the lack of up-to-date cost-control techniques in more 
than one phase of a company’s operations. Without good controls, 
rampaging costs can be as damaging as outside economic influences 

That cost controls are sorely needed in many process companies 
is evidenced by the increasing number of cutbacks in personnel, 
budgets and production. In most cases, cuts like these are last- 
minute attempts to save profits. 

It usually takes a setback of the kind that industry is now 
experiencing to convince management people that profits must 
be continually fought for. Management's weapon: a well-thought- 
out, well-administered cost-control plan. It can keep operating 
costs in check, bolster a firm's ability to meet the nost stringent 
emergencies—even widespread business recession. 

How to go about adopting such an organized approach to cost 
cutting is the subject of this report. — 


“1958 Production Planbook and Buyers’ Guide Issue,” american 
MACHINIST, Mid-September, 1967. 

This special issue offers, in condensed form, all the new cost- 
cutting, production-increasing developments and ideas reported in 
Amerwcan Machinist during the past vear. The material is or- 
ganized under eight classifications: 1. management and personnel: 
2. machining; 3. tooling; 4. pressworking, molding, and casting; 
5. inspection, testing, and quality control; 6, assembly, heat treat, 
and finishing; 7. materials and comporents; and 8. materials han- 
dling and services, Also featured is a vers’ guide to equipment 
and supplies and a preview of metal-working developments ex- 


pected in 1958. 


“Time for a Fresh Approach to Cost Cutting.” by Editors, 
CHEMICAL WEEK, page 39, January 11, 1958. 

Increased profits with no increase in sales and little or no 
capital outlay. That's the attractive proposition that a big segment 
of the chemical industry is overlooking at a time in its history 
when it can least afford to do so. So said Ray Reul, coordinater 
of industrial engineering for Food Machinery and Chemical 
Corporation's chemical divisions, in talks with editors of Chemical 
Week. 

Reul’s suggested route to increased profits: more use of the 
industrial engineer—a specialist in the most efficient use of man- 
power and facilities. One segment of the chemical industry, he 
save, isn't using such experts at all, and another is trving a “do- 
it-vourself” approach (i.e... industrial engineering without indus- 
trial engineers). This, in the face of a vear-and-a-half-long profit 
squeeze that may well continue through ‘58. 
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In applying industrial engineering, Reul states that vou have 
a choice of teaching chemical engineering to an industrial engi- 
neer or teaching industrial engineering to a chemical engineer. 
You are probably better off teaching chemistry to the industrial 
engineer, although the alternate plan may work. 

“The important thing,” says Reul, “is to trv industrial engineer- 
ing. Part of the chemical industry is profitably doing so now. The 
rest of the industry can improve its profit picture by following 
this lead.” 


25 Ways to Ease the Squeeze on Profits,’ by Marilyn French, 
AMERICAN BUSINESS, April, 1957. 

A report on what a number of large companies are doing to 
cut down on office and administrative costs. Among the effective 
steps they have taken are: 1. reducing the number of reports 
coming into headquarters by simplifying the financial reporting 
system; 2. intensifying clerical work analysis and simplification 
programs; 3. installing tighter budget controls; 4. making use of 
more modern equipment; and 5. using a sampling approach in 
many accounting and data-gathering areas. 


GENERAL 


“Diagnosis of Management Problems,” by E. T. P. Watson, 
HARVARD BUSINESS REVIEW, page 69, January-February, 1958. 

Executives, long trained in the art of doing and immersed in 
the day-to-day operation of a company, seldom can take time 
to examine ways in which the theory of administration can be 
of help to them in solving the pressing problems of a modern 
industrial enterprise. 

The author urges that top managers check their thinking against 
the essential ingredients of these processes—setting objectives, 
organization, control, and planning—instead of treating a drop-off 
in sales as though it were completely a sales problem, or treating 
production weaknesses as if they were unrelated to the business 
as a whole. Using this approach, he sets up a hypothetical top 
manager and carries him step by step through the job of examin- 
ing these basic functions of administration. 


“Guides to Internal Profit Measurement,” by Gordon Shilling- 
law, HARVARD BUSINESS REVIEW, March-April, 1957. 

A reliable method of measuring the profit performance of in- 
dividual divisions is essential to effective decentralization, says 
the author. Discussing various techniques of profit measurement, 
cost recording and analysis, and internal transfer pricing, he con- 
cludes that the “controllable profit” concept is the most useful 
approach to division-profit evaluation. 


“How Can Offices Meet the Rising Costs of Production?” by 
Harry L. Wyle, THe orrice, March, 1957. 

Although there is no pat answer to the question of whether to 
buy or lease office equipment, in many situations a company can 
benefit by using the leasing method to obtain cost-saving modern 
equipment without having to wait for traditional budgetary appro- 
priations, says the author. He discusses the effect of tight money 
and the liberalization of depreciation rates on equipment leasing 
trends and presents tables comparing net operating charges in- 
volved in buying equipment or using either of two leasing methods. 


“Industrial Diagnostics,” by J. M. Juran, THE MANAGEMENT 
REVIEW, page 79, June, 1967. 

Industrial problems classify themselves, for planning purposes, 
into two major groups: problems of maintaining the status quo, 
and problems of changing the status quo. 

The steps for maintaining the status quo follow an unvarying 
sequence : 

1. Establishing a standard of performance, whether by executive 
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fiat or by common consent, 
2. Setting up a systematic means for measuring and summariz- 
ing actual performance, using the “regular” score-keepers. 
3. Interpreting the departures of actual performance from 
standard, done by the line supervision responsible for meet- 
ing the standard. 
Decision on what to do about the departures, also by the 


line supervision. 
5. Action to restore the status quo, also by the line supervision. 
Owing to the rapid growth and change im the character of 
industry, a great deal of managerial effort is devoted to changing 
the status quo—to reducing costs, imcreasing sales, improving 
morale, reducing the accident rate, increasing inventory turnover, 
ete. The essential approach to this type of problem can be sum- 
marized in a sequence of three stages: 
1. Discovery of the problems, Le., 
status quo need improving. 
2. Diagnosis, to determine what changes are needed to bring 


of what elements of the 


about an improvement, 
3. Remedy, Le., carry out the changes. 


“Modernization Makes a Million,” by Wilham M. Stocker, Jr., 
AMERICAN MACHINIST, Aprel 8, 19957. 

A two-phase improvement program, begun in 1955 by a large 
manufacturer (American Bosch Division of American Bosch-Arma 
Corporation, Springfield, Massachusetts), is saving the company 
$900,000 annually and providing sizable contingent benefits, the 
author reports. This article describes the planning and operation 
of the program, which covers both manufacturing controls and 


plant facilities and layout. 


“The Case for Benevolent Autocracy,” by R. N. MeMurry, 
HARVARD BUSINESS REVIEW, page 82, January-F ¢ bruary, 1958. 

The author states, “I have recently participated in the appraisal 
of nearly 1,000 top-level and middle-management executives, and 
I have become conscious of the extent to which middle manage- 
ment is composed principally of security-conscious, anxious, and, 
for the most part, ineffective people who want all the trappings 
of authority but are very reluctant to exhibit it when the chips are 
down. Finally, 1 have come to the conclusion that it just isn't 
possible in business to delegate much autonomy below the top 
echelons of management.” 

After measuring the participative management ideal against 
the intensely practical vardstick of how well it works, Mr. Me- 
Murry goes on to construct a case for his “benevolent autocracy,” 
and shows how he feels it can be instituted, 


“The Benefits of “Batching,” by Ralph W. Fairbanks and 
Jerome Hoffman, ovrvick MANAGEMENT, October, 1957. 

One group of relatively unskilled workers can do the major 
part of almost any office's work, the authors maintain, by using 
the technique of “batching” the simple tasks and processing all 
items as a group in step-by-step fashion. Complex jobs, they savy, 
ean be handled by more highly skilled workers, and part-time 
workers can accomplish the rest after very little training. This 
article describes the operation of this technique, which, in the 
authors’ view, will increase production and eliminate peakload 
crises in clerical tasks, 


MATERIALS HANDLING 

“Here's How Machines Take Over in the Modern Warehouse, 
by J. J. Brown, CANADIAN BUSINESS, April, 1967. 

To eliminate the warehousing bottleneck, the same mechanized. 
high-volume methods that have revolutionized production must 
be applied to this function, the author believes, Concentrating on 
the input side of the warehouse operation, he describes some equip- 
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ment and systems that can the efficeney and speed of 
unloacing goods from boxears or trucks, conveving them to then 
proper storage port, and arranging them <o that orders can be 


nade up on a first-in, first-out 


“The Case of Single-Story vs Multi-Stary” by A. T. Gaudreau, 
FLOW, Augual, 193; 

Tmiprovenn nts im matenals handling equipment and structural 
desgn have brought back some of the popularity enjoved by 
multi-story plants before the “wing fa sng'e-storv 
buildings during Workl War Il, the author reports, However, 
he cautions, a chore between the two types of «be pends on 
spect nemds and coreumstances, and he lists some of the add- 
vantages of both tvpes m terms of capital investment, cost of 
operation, production facihties, and materials handling activities. 
Assembly” by C. Thomas 


“Toy T raw 

A “Tov Tram” «vstem of handling ix cutting costs by 
carrying meter assembles through ten assentbly operations with 
only one mantal operation Further woop extremely flexible in 
terms of its own construction as well as the jobs it ean do. 

At a glance, the svstem looks hke «a regular assembly line, but 
with few \ look shows vou tnaster control panel 
ami a monorail whieh runs the length of the and then returns 
nan long oval to the bw ginnine of the lore 

Ruling the monornil, “turting ane and enterma the 
machines, one after another, are litth: earners. Unhke the tov 
train, cach ws powered. Itoi a whole string of locomotives, Like 
the tov tram, however, cach’ gets its current from the 

The ponempal handling benefit the eut in index time. The 
ideal im any assembly operation im to have materials arrive at 
work stations exactly a« thew are needed to be fed through nas fast 
as the machimes can handle them. This = what the tov tram svstem 
dows 

accomplished having ome carret its cargo of 
meter components, alwavs im oa work statron, being processed, and 
another alwaves rohit at, waiting to bre processed Total 
number of carriers is based on two work station plus 
extras for the return loop of the rail 


OPERATIONS RESEARCH 


“hy olution of Lane Camputing ‘ hy 


W. Orchard-Hays, MAN SCTENCEK, page ISA, January, 1948 


While the linear programming coneept and the formulation of 
a specttiic model have value im themselves, the would 
fall short of its promise without eflicrent computing procedures 
The sirnapele x method has proved to be the most successful approach 
but at still leaves a wide range for detailed algorthmes. At first, 
the method was apphed by hand or with the aid of punched-c&ird 
equipment With the advent of internally -stored-program com 
puters, atitomatic routines were ke However, the early 
machnes were adequate only for small problems and the orgmal 
simplex method was not efficent for many LP models, A program 
of development was started at Rand to provide better computing 
techniques, Using first the IBM Model IT CPC, then the 701 and 
now the 704. general LP routines of considerable power and flexi- 
bility have been developed. Future improvements will probably 
be posable only from higher level abstractions which take ad- 
vantage of structure m the model matex or which produce more 
efiioent forme of the mverse of a sparse matrix, 

“Notes on the Theory of Dynami Proqgramming—T ransporta- 
lion by R. Bellman 


Janna 7 


MANAGEMENT SCIENCE, page 197, 


The purpose of this paper to illustrate some appheations of 
the funetional equation of the theorv of dynamic pro- 
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gramming to a general class of problems arising in the study of 
networks, particularly those arming m transportation theory 

“(in a Clase of Miramum Coat Problema” by W. Karush 
MANAGEMENT SCIENCE, 137 January. 

The following type of problem has aren im various contexts 
in appleations of management selence: to determine «a program 
of future les els of (eg... production or emplovment ) sul>- 
ject to known future requirements, which will minimize the total 
cost of the projected program over the entire planning interval of 
treme, Mathematical methods have been developed for treating 
variants of this problem, and the purpose of this paper ix to pre- 
“ent an outhne ef methods appropriate to problem: which share 
a certain common mathematical form 


“Programming of Feonomec Lot Sizes,” hy A. Ss. Manne, MAN- 
\OR MENT SCIENCE, page 115, January, 1058 

This paper studies the planning problem faced by a machine 
shop required to produce many different items so as to meet a 
rigid delivery schedule, remain within capacity limitations, and ft 
the same time minimize the use of premium-cost overtime labor 
It differs from alternative approaches to the well-known problem 
by allowing for setup cost indivisibilities 


“The Prospects of a d Theory of Organizations, by 
Helmer, MANAGEMENT SCIENCE, page 172, January, 158 

Despite the success of numerous efforts in the study of organ 
ations, there ix at present no unified theory of organizations. This 
would require a cleareut conceptual apparatus and a methodology 
for prediction. To achieve the former within the foreseeable future 
it might be wire to tie into the exiting terminology of came 
theory; the latter may require taking a new look at the psvecho- 
logical problems involved and introducing something hke an 
operations research approach to them. 


Value Analysts Issue.” purcHASING, May, 115? 

This special meue devoted to value analysis is designed to help 
both small and large companies gam the maximum benefits from 
this cost-cutting technique. In addition to articles on analyzing 
component parts and materials, gaining suppher cooperation m 
value analysis, analyzing price increases, “selling” the value analy- 
“18 program, and other aspects of the subjeet, there is a section of 
500 brief case histories desenbing specific wavs im which com- 
panies have aches ed savings and production improvements 
through ther use of the techniques of value analysis 


QUALITY CONTROL 


“Automatic Statiatical Filling Control” by W. C. Frey and 
Spencer, INDUSTRIAL QUALITY CONTROL, page 14. February. 
1958, 

This article discusses the problem of a production line method 
for controlling the fill count of a bottle of pills by means of weight 
measurement—also the methods of controlling raw materials and 
pressing methods so that the variability in total weight wouldn't 
he greater than the weight of a single pill. 


“Statistical Method and the Quality Problem in the Seaviet 
by J. A. Geyer, USDUSTRIAL QUALITY CONTROL, page 9, 
February, 1958. 

The article was written to give a bird seve view of the progress 
of statistical quality control in the US.S.R.. based on a review 
of unclassified literature. This literature is available to anvone who 
is willing to consult Russian technical periodicals, It is not the 
author's purpose to measure in depth the extent of the US.S.R.'s 
interest in quality control, This would require a considerably more 
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penetrating search of the literature than the author's survey rep- 
resents. The author's intent is simply to give the reader a general 
insight into what is developing in Russia and thus to stimulate 
interest in a subject of far-reaching importance. 


BOOKS 

AUTOMATIC CONTROL: A SCIENTIFIC AMERICAN BOOK, Simon and 
Schuster, New York, 1955, 148 pages, $1.00. 

In this volume, compiled from articles originally published in 
the magazine Scientific American, 12 distinguished scientists discuss 
the essential principles of automatic control, its current applica- 
tions in industry, and the major lines of development to be 
expected in the future. 


HANDBOOK OF LAYOUT AND DIMENSIONING FOR PRODUCTION, by 
H.H. Katz, Allied Institute of Technology, Chicago, IIL, published 
by the Macmillan Co., 60 Fifth 5 i . New York 11, N.Y., 479 
pages. 

Industry-defined layout and dimensioning procedures § are 
stressed in this book. All steps in product development, from 
technical sketch of final drawing, are illustrated and detailed in 
terms of procedures, principles, and theories. The relationship of 
each step to efficient mass production is discussed. 

Major sections include layout practices, sketching, projective 
and descriptive geometry, lavout appheations, dimensioning prin- 
ciples and applications, datums, and elements of gaging. 


MAKE OR BUY: FACTORS AFFECTING EXECUTIVE DbEcIsIONS, by Alfred 
R. Oxenfeldt, et al. McGraw-Hill Book Company, Inc... New 
York, 1956, 99 pages, 815.00. 

The first of a series of Consultant Reports on Business Prob- 
lems, this study analyzes the procedures employed by management 
in deciding whether to make or buy company supplies. The au- 
thors conclude that the heaviest losses usually result from decisions 
to make what could be more advantageously purchased, and that 
the current “do-it-yourself” trend in business, a by-product of 
the merger movement, may hold dangerous pitfalls for manage- 


ment, 


MODERN METHODS OF PLANT MANAGEMENT, Factory Manage- 
ment and Maintenance, McGraw-Hill Publishing Company, Inc., 
New York, 1957, 128 pages, 50 cents. 

Among the topics covered in this handbook, compiled from 
monthly issues of Factory Management and Maintenance, are 
plant organization and maintenance, inspection and quality con- 
trol, materials handling and plant layout, automation, work meas- 
urement and wage incentives, and production cost-cutters. 


NOTES ON ANALOG-DIGITAL CONVERSION TECHNIQUES, edifed by 
Alfred K. Susskind, published by The Technology Press of M J.T. 
Cambridge, Mass., 417 pages. 

Designed for practicing engineers, this book includes an intro- 
duction to the theory of sampling, quantizing, and coding; detailed 
analysis and evaluation of basic coding and decoding methods for 
electncal and mechanical analog quantities; and a case study 
showing how basic principles were applied in a digital flight-test 
instrumentation system. 


PRODUCTION FORECASTING, PLANNING, AND controt, by E. H. 
MacNiece, John Wiley & Sons, Inc., New York, 1957, 374 pages, 
$8.25. 

Included in this second edition are new materials on automation, 
operations research, and production levels in relation to the guar- 
anteed annual wage, as well as a first-hand report on production 
engineering education and practices in Europe. The basic principles 
and techniques of production management are examined with an 


eve to their economic and social implications as well as their 
engineering aspects. 


THE MATERIALS HANDLING HANDBOOK, ediled by Harold A. Bolz 
and George E. Hagemann. Ronald Press, New York, 1250 pages, 
$20. 

This latest volume on materials handling is said to be one of 
the most complete reference works available on the subject 

Illustrated with photographs, charts, tables and diagrams, the 
work is divided into 47 sections covering methods of analyzing 
handling problems, principles, procedures and techniques for effec- 
tive operation and control; systems design and installation: inte- 
gration of materials handling activities with the manufacturing 
processes; plus the design, selection and classification of materials 


handling equipment 


Successful ideas for 
increasing plant output 
wit AUTOMATION 
fully outlined in this book 


Just Published ——— 


PRACTICAL AUTOMATION 


Methods for Increasing Plant Productivity 


By L. R. Bittel, M. G. Melden, and R. 8. Rice 
Associate Editors, Factory 


376 pp., 8%, x 11 illustroted $7.50 


This book clearly explains and illustrates fundamental methods 
and thinking essential to planning and setting up for effective 
automation. It shows how to solve problems likely to be met in 
installing automation—how to combine machines and equipment 
already in the shop—where to look for possibilities of applying 
feedback control—how to solve new maintenance problems and 
personnel problems .ssociated with automation. In short, it guides 
you im every practical aspect of automation. Every major area 
of plant operation which is affected—including production, main- 
tenance, cost control, administration, methods, and inventory 
is covered in a really practical way. 


Order from: 
The Journal of Industrial Engineering 


A. French Building, 27225 North Ave. Atlanta 13 Georges 


CONFERENCE AND CONVENTION 


The Ninth Annual Conference and 
Convention of AIlE will be held: 
Los Angeles, California 
Hotel Statler 
June 12, 13, and 14, 1958 


PLAN NOW TO ATTEND 
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CALENDAR 


June 1-6: Ninth Annual Industrial Research Conference; Co- 
lumbia Universitv, New York, N.Y. Write Robert T. Livingston, 
Director, Department of Industrial and Management Engineering, 
Columbia University, New York 27, New York 

June 9-20 
engines rit” sponsored by the School of b.nginecring of the 
Johns Hopkins Homewood ( amps of the University, 
Write Dean, School of Engineering, The Johns Hopkins Univer- 
stv, Baltumore IS, Marviand 

June 10-20) Addvaneced Short Cours 
Statistical Methods um bemg held at Purdue University for 12th 
Limit 50 enrollees. Write Professor Irving W. 
Universitv, Lafavette, In- 


Intensive Course in (Operations Research and 


in Quality Control by 


ronsectitive 
Burr, Statistical Laboratory, Purdie 
diana 

June 17-20: Annual Cornell University Industnal Engimeering 
Seminars “no ored by the Department of Industral and Eng 
neering Administration, Sibley School of Mechameal Engineering, 
Cornell University. Write Dr. Andrew Schultz, Jr, Department of 
Industrial and Engineering Adminstration, Cornell University, 
Ithaca, New York 

June 15-28: Fifth Annual Matenals Handling Trammng Con- 
ference: Industrial Management Center, Lake Placid Club, New 
York. Write James R. Brnght, Director, Industrial Management 
Center. 56B Robbins Road, Lexington, Massachusetts 

June 16-26: Fifth Annual Southern Regional Graduate Summer 
Session in Statistics, Oklahoma State University, Stillwater, Okla- 
homa. Write Dean of the Graduate School, Oklahoma State Uni- 
versity, Stillwater, Oklahoma 

June 18-21: The Western Regional Leadership Laboratory in 
Human Relations and Supervisory Skills; University of Cahfornia, 
Santa Barbara Campus. Write Department of Conferences and 
Special Activities, University Extension, University of Calformia, 
Los Angeles 24, Californim 

July 21-August 16: Survey Research Techniques; University of 
Michigan Survey Research Center, Ann Arbor, Michigan, Write 
Survey Research Center, University of Michyan, Ann Arbor, 
Michigan 

September 8-19: Industrial Engineering Intensive Courses— 
Basic: Washington University, St, Louw, Missoun. Write Univer- 
sity College, Washington University, St. Louis 5, Missouri. 

September, 1958: Fourth annual offering of the Engineering 
Executive Program starting in September; U.C.L.A. Write Engi- 
neering Executive Program, Department of Engineering, Uni- 
versity of California, Los Angeles 24, California 

October 30-November 1: 1958 Northeastern Regional Confer- 


ener, Svractiise 


PRESIDENT CARSON HONORED AS MAN-OF-YEAR 


Dean Carson, President of the American Institute of Industrial 
Engineers, Inc., was selected recently as the Technical Man-of-the- 
Year by the Columbus Technical Counce 

Following are excerpts from the February 21, 1958 issue of the 
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Ohio State Jou nal, which will be of mterest to chapter tnembers: 


Selection of Dean Carson as recipient of the Councils annual 
award was announced at Winding Hollow Country Club during 
the annual banquet for members of the 24 technical organrza- 
trons comprising the counesl, 

The OSU educator was chosen for the honor on the basis of 
his outstanding career as an executive and engimeer in private 
industry, and as a college educator and research worker 

He was presented with a scroll and a U.S. savings bond 

Dean Carson became the second recipient of the Council's 
annual award. Its first presentation last year was made to Dr. 
Robert B. Filbert, chief of the chemical engineering division of 
Battelle Memorial Institute 

The head of OSU's engineering college was for many vears 
a member of the faculty at Case Institute of Technology at 
(‘leveland and later an executive of the Selby Shoe Co. at 
Portsmouth before joming the university here 

Dean Carson was graduated from Case m 1931. He then went 
to Yale University as a graduate assistant and later returned to 
(‘ase to serve as an instructor, assistant professor and associate 
professor. He received his master's degree in mechanical engi- 
necring from Yale m 1938 

At Case, Dean Carson developed the curriculum for the 
graduate program leading to the master’s degree in Pndustrial 
[ing neering. At the same time, he also served as a research 
engineer and director of research for the Cleveland Automatic 
Machine Company. 

He left Case in 1944 to become assistant to the general 
man ger of Selby Shoe Company. He later became manager of 
cngineermg and then secretarv. He has invented several devices 
used in shoe manufacturing, and has patents pending on other 
items m connection with the automation of consumer goods 
production 

At Ohio State, Carson also is director of the Engimeering 
Experiment Station and vice president of the Research Founda- 
tron. He is chairman of the State Selective Service Advisory 
Board for Scientific, Technical and Specialized Personnel, and a 
member of numerous technical and professional organizations. 
He is married, has four children and lives at 2125 Elgin Road. 
Columbus, 


GILBRETH LIBRARY 


Industrial Engineers around the world are invited to visit the 
Cilbreth Memorial Library which has been established in the 
Industrial Engineering Department of Purdue University. 

This collection is possible because of the generosity of Mrs. 
Lilhan Gilbreth who in 1939 presented to Purdue University the 
private profesmonal library of her husband. To this collection 
Mrs. Gilbreth, an eminent member of our profession, has con- 
tributed supplementary material so that this library now presents 
one of the greatest sources of information for Industrial Engimeer- 
ing research. 

One will find in this collection all of the classies in the fields 
allied to Industrial Engineering. Many of these volumes have 
marginal notations made by Mr. Gilbreth which give an exciting 
insight to his perception of modern Industrial Engineering. Con- 
tained in this collection are many slides and pieces of equipment 
used in his studies. Most revealing is the extensive “information” 
or “N” files which contain a wealth of information about In- 
dustrial Engineering 

Frank Bunker Gilbreth was born in Fairfield, Maine, on July 7, 
1IS68. When he was but a young child his widowed mother moved 
first to Andover and then to Boston to give her children the 
advantages of a better education. Although Gilbreth showed better 
than average ability in school, he elected to enter the building 
trades as a brick-layer rather than go to college. He was eminently 
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successful and soon was a contractor in his own right. Nor did 
he ignore his inventive abilities, for during this time he developed 
aids for construction, such as concrete mixers, dry basement de- 
signs, and others, which he sold by pioneering advertising tech- 
niques. Early in his life Gilbreth started his pursuit for “the one 
best wav” which was later to absorb most of his energies. 

The Industrial Engineer of today must live in continual grati- 
tude to his imaginative and creative ability. His professional 
ethics determined the standard for the Industrial Engineering 
profession. It is therefore the purpose of the Gilbreth Library to 
serve as a shrine for the memorv of this great engineer, and also, 
as he would wish, a source of stimulation for scholarly contribu- 
tions, You, as an Industrial Engineer, will be weleomed to the 
Gilbreth Library at Purdue University. For further information 
please write Professor H. T. Amrine, Head, Department of In- 
dustrial Engineering, Purdue University, West Lafavette, Indiana 


RESEARCH INFORMATION 


The Research Information Committee of the American Insti- 
tute of Industrial Engineers is starting to secure abstracts of re- 
search performed in the period 1 July 1952 to 1 July 1957. Sources 
from which information will be solicited are universities, industrial 
organizations, research institutions, and non-profit organizations. 
including government agencies and professional societies. The in- 
formation collecting program will provide a valuable service to 
industry and universities and especially to Industrial Engineers 
Research abstracts are to be collected in the areas of : 


WORK MEASUREMENT 
METHODS 

PLANT ENGINEERING 
HUMAN ENGINEERING 
ENGINEERING ECONOMICS 
ORGANIZATION PLANNING 
INDUSTRIAL STATISTICS 
PRODUCTION CONTROL 
DATA PROCESSING 
OPERATIONS RESEARCH 
COST ANALYSIS 


The committee will appreciate all information on Industrial En- 
gineering research past and present, about whieh it might gather 
more specific details, Write: Research Information Committee, 
AITE Department of Industrial Engineering, Washington Univer- 
sitv, St. Louis 5, Missouri. 


CENTRAL ILLINIOIS CHAPTER 


We are Chapter 80 in the AITE, and our charter is dated Janu- 
ary 13, 1958. Our area encompasses fourteen counties in Illinois, 
from Ottawa in the north to Springfield in the south. At present 
our headquarters is in Peoria, but we hope to attract members 
from the entire area, and hold meetings in different cities from 
time to time. 

The first official technical meeting of our Chapter was on March 
10, at which time our regional Vice President, Dr. Marvin Mundel, 
formerly presented our Charter and addressed us on the subject 
“Functions of Industrial Engineering.” Among other points, he 
emphasized the advantages to be derived from membership in 
AIIE. This was primarily directed at the large number of 
prospective members in attendance. 

We are currently planning an extensive membership drive under 
the able leadership of Cliff Gillett, our membership Chairman. 
Wide use has been made of the AIITE membership kits and in- 
formation brochures, with distinct success, Our Program Chairman, 
Frank Mergen, is making preparations for our first fall conference, 
to be held at and co-sponsored by Bradley University’s Industrial 
Engineering Department. Arjay Platt, our Publicity Chairman, has 
been rather severely hampered in his efforts to inform the resi- 
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dents of Central Illinois, and especially Peoria, of the existence of 
an AIITE Chapter, because of the prolonged strike of our one and 
only Peoria newspaper. Because of this our publicity has been 
almost entirely by mailings and personal contact. 

Qur temporary officers, serving until elections in April, are 
L. J. Fletcher, Jr. President; A. J. Knarb, Viee President; D. J 
Knaub, Secretary; and Homer Smith, Treasurer. Bob Maier 
served as Chairman of our nominating committee, a most difficult 
job at this stage in our chapter development, as few of the mem- 
bers know each other personally. 

We are a small chapter, newly organized, but we have great 
plans for the future, Watch the Central Ihnow Chapter! 


CHICAGO CHAPTER 


Frank Wier, General Superintendent of Materials Handling for 
the Timken Roller Bearing Company at Canton, Ohio, was the 
guest speaker at the January meeting. The subject of Materials 
Handling proved to be an interesting one for members and guests 
Attendance and participation at the meeting were evidence that 
the subject and speaker were well received, The Chicago Chapter 
is grateful to Mr. Wier for his presentation and for taking the 
time to make the trip. 

In December the Chicago Chapter of AILE made another stride 
toward its goal of providing its members with programs designed 
to familianze or imcrease their knowledge of the tool« and tech- 
niques of this expanding profession The Western Sociwty of 
Engineers in Chicago's loop provided the scene for a one-day con- 
ference on “Work Sampling.” The program was ably conducted by 
Professor Wallace J. Richardson of Lehigh Prof 
Richardson, besides being a recognized consultant im the field of 


University 


Work Sampling, is also co-author of an excellent book on the 
subject. Each of the approximately 40 persons present received 
copies of Prof. Richardson's book, Work Sampling, which was 
used as an outline for conducting the program. The morning 
session was primaniv devoted to the introduction and explanation 
of the uses of sampling techniques as apphed to work measure- 
ment. The featured a 
example of how sampling techniques funetion 
to the program, Prof. Richardson held a 
answer season. This served to put the finishing touches on a very 


afternoon session group 


As a conclusion 


participation 


short question and 


interesting and informative conference 


DAYTON CHAPTER 


Our January meeting was held in the ROTC tnuulding at the 
University of Dayton on Monday, January 20. Our speaker and 
honor guest was Dr. Marvin FE. Mundel, Viee Director of the 
Management Center of Marquette University. Dr. Mundel «poke 
most interestingly on the subject “Memomotion Study.” 


DETROIT CHAPTER 


The Conference on “Work Measurement In the Plant and In 
the Office” held January 23 and 24 was a huge success. The en- 
thusiastic support given by various organizations in this area to 
the first AILTE sponsored conference indicated the great potential 
for growth of our Chapter and the AITE. As a result of the con- 
ference, 25 applications for membership have been received. Pro- 
ceedings of the conference are being compiled and will be available 
shortly. Anvone interested in obtaining a copy of the proceeding» 
may do so by sending $3.00, name, and address to H. Brumback, 
Industrial Engineering Dept.. Great Lakes Steel Corp... 
Michigan. 

We are very proud to announce that Arthur D. Even, one 
of our Chapter members, was awarded the Dept. of the Army 
Commendation for Meritorious Civilian Service, the second high- 
est award granted to a civilian, for his outstanding performance 
in designing an improved recorded-keeping system and data 
processing system. This system is to serve as a pilot for similar 
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systems to be adopted world-wide at other Ordnance Commands 
and mstallatrons 

Central Region View President, Harold T. Amrme, was present 
at our February meeting. At this same meeting, Mr. Donald R 
Bolle, Director of Planning and Scheduling, Materials Handling 
Systems, Inc. spoke on “Reeent Developments m Materials 
Handling.” The Mareh meeting was devoted to Industrial Appli- 
cations of Operations Research.” Speakers for this meeting were 
Roger Bo Cran Director of Management Seences, and Dr 
George Bo O'Brien, Manages of Operations Research, both of 
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JACKSONVILLE CHAPTER 

hur speakers af the various meetings so far thi vear have 
all been quite outstanding. In September, E. P. Martinson, Di- 
rector of the Department of Industrial Engineering at the Um- 
versity of Florda, spoke to us on “Industral Engineering Prog- 
ress,” At the Oetober meeting, Mr. Bernard L. Mever, who is 
Industral Engimeer at the Meéver Fish and Produce Company here 
in Jacksonville, told us about “Industral Engimeermg Applications 
m the Food Processing Industry.” The November meeting took 
the form of a “Plant Tour of Florida Machine and Foundry 
Company.” featuring University of Flornda Student Chapter guest 
Thomas Peacock, who mw Works Manager of the Company. In 
December, Emmett L. Cochrane, Industrial Engineer, of the 
Pubhe Works Dept. at the Naval Air Station here m Jacksonville, 
spoke to us on “Controlled Mamtenanece.” “Industral Expansion 
m Florda” was the subject of Januarv’s meeting. Mr. Harold 
Colee, View President and General Manager of the Florda State 
(‘hamber (‘ommeree, Was giiest <peaker The featured speaker 
at our Februarvy meeting was Tom Peltrer, Engimeering Manage- 
ment Serviees Division, Ernst and Ernst, Atlanta. Georgia. His 
topne Was “Sheng Costs Through Better Inventory Control” 


LOUISVILLE CHAPTER 

A handy group of AITE members, ther wives, and a few 
visitors were guest= of Brown-Forman Distillers on December II, 
1957. Serge Tirn took us on an mteresting exploration of the vast 
regions of the underwater area of our planet by way of color 
sludexs he took while vaeatronmge m the Bahamas, the Virgm 
Islands and on the French Riviera In addition to the excellent 
color photography and interesting commentary on the pietures, 
Serge also presented a display of equipment used skin-diving, 
spear-fishing amd under-water photography. After the program, 
we were guests of Brown-Forman for coffee, soft drinks and sand- 
wiehes 

Profesxor Harold T. Amrme. head of the Industrial engineering 
Dept. of Purdue University and View President of the Central 
Region of AILE, spoke briefly at our January meeting. Prneipal 
speaker at the January meeting was Mr. Gray L. Carpenter. 
Preendent of Grav L. Carpenter & Associates, Management Con- 
sultants, New York, New York, who spoke on “New Trends in 
Management Thinking.” He discussed the unmeciate busmess 
outlook as predicted by Matt Murphy in “Factory Management.” 
He said that 1958 and 1959 will give Industral Engineers an op- 
portunity to show ther alulitv to effeet cost reductions and thus 
avi in helping business mde out this slump or submit to the 
pressure of the marketing group, who are currently selling man- 
agement on ther scheme for ruiing out the Industral 
Engineers should find out what ammunition mw available for re- 
ducing costs. No single method m good enough for 1958, and the 
I. FE. must keep himself abreast of new techniques. Some phases 
noted by Mr. Carpenter were: Organization analyses, Manage- 
ment development, Standardization of maintenance and clerical 
work through the use of predetermined time standards 


MEMPHIS CHAPTER 


For our January meeting, the Chapter took a conducted Mill 
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Tour of the Buckeve Cotton Oil Plant here in Memphis. This 
was most informative, as well as enjovable 

The February meeting was held at the Highland Heights 
Branch of the Union Planters Bank. Our speaker was Mr. E. © 
Stimbert, Superintendent of the Memphis Pubhe School« His 
chosen topic was “Accent.” 

During Engineers Week in February, our Chapter accepted the 
responsibility of depicting the Engineers’ Contmbution toward 
Progress, through the medium of posters. These were displaved 
prominently in windows throughout the downtown area. 


METROPOLITAN NEW JERSEY CHAPTER 


Gordon Carson was guest and principal speaker at a March 24 
dinner meeting of our Chapter. Other mvited guests meluded Mr. 
Harry Davis. Eastern Region Viee President. Elmer Easton, Dean 
of Engineering, Rutgers Universitv, and Dr. Lilhan Cilbreth. 
Governor Robert Mevner of New Jersev proclaimed March 24 as 
Industrial Engineering Day in the state. This proclamation was 
read at our meeting 


MID-HUDSON CHAPTER 


Members of the Organizing Committee of the Mid-Hudson 
Chapter of the Amerean Institute of Industrial Engimeers as they 
finalized plans for the Charter meeting to be held im the Central 
Hudson Auditorimm, 47 Canon Street in Poughkeepsie at 7:30 pon. 
on Thursday, Oetober 17, 1957. 


MILWAUKEE CHAPTER 


We have had a most interesting and educational lne-up of 
programs thx year. In September. Rav Klockzim spoke to ux on 
“Industrial Engineering and Management in Japan” at our meet- 
ing held at Marquette Universitv Management Center. The 
October meeting took the form of a dinner followed by a plant 
tour and diseusson of the Harnixehfeger Corporation, heavy ma- 
chinery manufacturing concern. Mr. D. Drewery was speaker on 
this oecasion. In November, Mr. D. G. Maleolm, past national 
of ALLE. spoke on “Operations Research”: agam at 
Marquette University Management Center At our January meet- 
ing. a panel from the Milwaukee area discussed “Cost Reduction— 
New Techniques “ Dr. M. FE. Mundel was our speaker for Febru- 
ary; he took as his topic, “Allowances for Weight in Time Study.” 
In addition to our regular March meeting, where “Statistics in In- 
dustrial Engineering” was the subject under discussion, the Chap- 
ter also took a daytime plant tour through Giddings and Lewis 
Machine Tool Company of Fond du Lac. The trip featured 
“Numercord Control on Skin Milling.” At our April meeting, 
Mr. J. Conway's talk on “Industrial Training” was followed by 
the election of officers for the coming vear. The Mav meeting 
featured a socal hour, dinner, installation of new officers and a 
talk on “Human Engimeering.” 
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MOBILE CHAPTER 


The formal presentation of Charter and installation of perma- 
nent officers of the Mobile Chapter, AIIE, took place on Febru- 
ary 13 at a dinner meeting at the Admiral Semmes Hotel. James 
T. French, Southeastern Regional Vice President, presented the 
Charter and officiated at the installation. Col. Frank F. Groseclose, 
Director of the School of Industrial Engineering, Georgia Institute 
of Technology, and past national President, AITE, was featured 
speaker. His subject was “People, Places and Things— 
Engineering.” 

Officers of the Mobile Chapter are: President, N. K. Rogers: 
First Vice President, W. E. McKay; Second Vice President, 
T. M. Warschauer; Secretary, J. J, Barnes; Treasurer, J. P. Jones 


PHILADELPHIA CHAPTER 


For the first meeting of 1958, the Philadelphia Chapter was 
honored to have as its speaker, the well known author and con- 
sulting engineer, Mr. Phil Carroll. The subject of his lecture 
was “How to Cut the Costs of Setting Standards” and was pre- 
sented to the largest audience of the current season on Wednes- 
day evening, January 15. 

Mr. Carroll indicated that there are two methods of using time 
-study to measure work; namely, 1. rate setting, that is, time study 
of every job and 2. standard data application. There are two 
errors which arise in the use of rate setting method: those which 
are caused by the selection of elements and those errors intro- 
duced by performance rating. According to Mr. Carroll, it costs 
about seven times as much to set standards by the rate setting 
method as compared to use of standard data. In addition, the 
coverage which can be obtained with the former method is about 
fifty percent. The only way coverage can be increased is to set 


the standards before the jobs are processed by using standard data. 


Since consistency is more vital than accuracy and in the inter- 
est of saving clerical time and reducing the chance of errors, Mr. 
Carroll recommended the use of standard data. In order to 
demonstrate the potential of this method, Mr. Carroll distributed 
passouts which enabled the members of the audience to follow an 
actual example of development of time study data from which 
standards could be issued. A lively discussion period followed 
Mr. Carroll's presentation. 

On Wednesday evening, February 19, the Philadelphia Chap- 
ter presented the Rev. Stephen F. Latchford, SJ., who spoke on 
the subject of “The Problem of Union Leadership.” Father 
Latchford currently is assistant director of the Institute of In- 
dustrial Relations of St. Joseph's College in Philadelphia. He is 
a graduate of Georgetown University and after spending several 
years in Jamshedpur, India, returned to the states and received 
his M.A. in industrial relations. 

Father Latchford believes that the labor leader today must be 
an idealist who is dedicated to the service of the members of his 
organization and not to his own personal gain. Much of the mis- 
conduct of certain labor leaders brought to light by the recent 
Congressional investigations has been the result of a shift in the 
imterest of the labor leaders from the welfare of their members 
to their own personal and material wealth. However, the labor 
movement should not be characterized by the people who make 
the headlines with their misdoings. As Father Latchford pointed 
out, there are many instances where individuals and organizations 
are doing excellent jobs but do not receive any publicity. 


SEATTLE CHAPTER 


The January meeting of the Seattle Chapter was devoted to 
Automation. A sound film was presented, and an active question 
period was led by Sam Nelso, Applications Engineer for the Gen- 
eral Electric Company. Emphasis was on the step by step intro- 
duction of automated sections of a production process, and 
applications to industries which although not mass production 
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plants have volume runs of some parts or products, 

On January 20, a visit to the new Seattle Terminal Post Office 
was scheduled. 

Programs have been lined up for the first half of 1958 and 
printed programs issued. Of particular interest is the March pro- 
gram which will be devoted to presentation of the winning entnes 
in the second annual Technical Paper Contest for members of 
Seattle Chapter. Prizes start at $100 cash. Last years winning 
paper by Edwards R. Fish, Jr.. P.E. of Northwestern Glass Co., 
was published in the Nov.-Dec. 1957 Journal. 

Plans are well under way for the Fourth Annual Cost Re- 
duction Conference under the chairmanship of Jerry Watson, 
Boeing Airplane Company. Tentative dates are April 11 and 12. 

Monthly meetings are held on the second Wednesday at the 
Stewart Hotel, Seattle. 


ST. LOUIS CHAPTER 


The Midwest Regional Cost Reduction Conference and a 
special reception for Dr. Lillian Gilbreth have highlighted the 
Spring program of the St. Lours Chapter. 

Under the direction of Charles Wicks, the attendees at the 
three~<lay conference on cost reduction heard representatives 
of industry, government and the armed services describe modern 
cost reduction techniques. Mr. Ralph Hardin, USAF Air Re- 
search and Development Command, described the effect on the 
technical manpower crisis of management cost control, Dr. Marvin 
Munde!l discussed the Industrial Engineer's role in modern man- 
agement. The opening session banquet heard the Honorable Ray- 
mond R. Tucker, Mayor of St. Louis and professonal engineer, 
explain the cost of good government. 

Mr. R. P. Muller of IBM Corporation, Dr. J. D. Hanawalt of 
Dow Chemical Company, Mr. H. C. Johnson of Ford Motor, Mr. 
J. M. Aliderige, of Eastman Kodak, Mr. O. 8. Hully, of General 
Electric and Mr. W. A. Watt, of Motorola Incorporated, joined 
Dr. William Gomberg, of Washington University, and Mr. Walter 
Burk, of McDonnell Aircraft, in presenting other techniques and 
ideas to those in attendance. 

In February, local members and their wives attended a recep- 
tion for Dr. Lillian Gilbreth during her two-day visit to Wash- 
ington University. Dr. Gilbreth spoke on Industral Engineering 
Around the World and later appeared on KETC, the St. Lous 
educational television station. 

The regular February meeting heard Mr. Robert Cummings 
of Union Bag-Camp Paper Corporation's Savannah, Georgia, plant 
present a highly informative program on Brainstorming. 

Mr. James Biggane, of the Maytag Company, was the January 
speaker. His program was a fine description of the application of 
planning, scheduling and management of maintenance work at the 
Maytag Company. Mr. Biggane last spoke to the local Chapter 
during the 1955 national AITE convention held im St. Louns. 

The final programs of the vear are the Washington University 


‘students night and the annual spring dinner-dance 


The Department of Industrial Engineering and the University 
College of Washington University in St. Louis are co-eponsoring 
some Industrial Engineering Intensive Courses—Basic from Sep- 
tember 8 through September 19, 1958. They are intended for 
personnel desiring a basic introduction to the subject of the course. 
The objectives of the course will be to help prepare the partic 
pants to apply the course concepts in their own organizations, 
and to help train others in their companies in the principles of 
the course. The following subjects will be offered: Quality Con- 
trol: Motion and Time Study; Elements of Integrated Data 
Processing: Engineering Economy; Plant Layout and Materials 
Handling; Production Control; Collective Bargaining for Eng- 
neers: Engineering Psychology; Materials and Process of Manu- 
facturing; and Tool Engineering. These courses are being pre- 
sented with the co-operation of the St. Louis Chapters of AIIE, 
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American Society of Mechanical Engineers, American Society of 
Tool Engmeers, American Socety of Quality Control, American 
Materials Handling Society, Association for Computing Ma- 
chinery, and Somety for Advancement of Management, 


TORONTO-HAMILTON CHAPTER 


More than 20 prominent Industrial Engineering executives of 
major organizations in Southern Ontano gave unanimous approval 
on January 30 to formation of the first Canadian Chapter of the 
American Institute of Industrial Engineers 

Meeting at the Avro Aircraft Limited plant at Malton, where 
they were guests at a dinner given by the COMMpPAaAny, the visitors 
were weleomed by L. H. Wilson, Avro’s Industral Engineering 
Manage 

Gjuest speaker was M.A. Payne. past president of the national 
organization, who is now serving as Director of Chapter Expansion 
for the AILE 

Mr. Payne outhned the history of the AILE from its incep- 
tion at Columbus, Ohio, in 1948, and pointed out the benefits to 
members in keeping abreast of current developments through 
the association, He emphasized that these benefits were two-fold 
in that the organizations with whom the members were associated 
received the advantage of the latest techniques of the profes 
sion, Assistance was also given to students of the professon 
through the 40 student chapters of the AILF 

The following temporary officers were elected to carry out the 
organization of the Canadian Chapter and to report progress at 
the next general meeting to be held in March: Chairman, W. 
Graham Eves, Assistant Industmal Engineering Manager, Avro 
Aireraft Limited, Malton; Vice-Chairman, Paul W. Bennington, 
Chief Industrial Engineer, Steel Company of Canada, Hamilton; 
Secretary, John Staff ‘onsultant. Stevenson AG Kellogg. 
Limited, Toronto; Treasurer, W. J. MeQuire, Administrator, 
Operations Control, Brtwh American Oil Company Limited, 
Toronto; Publicity Chairman, M. Parkinson, Specialist Incentives, 
Canadian General Electric Company Limited, Toronto; Program 
Chairman, G. Fisher. Manager, Manufacturing Standards, Ford 
Motor Company, Oakville; Constitution Chairman, William W. 
Loucks, Mgr. Works Analvsm, Ontario Hydro-Eleetne Power 
Commission, Toronto; Qualifications Chairman, G. B. Bailey, 
Director, J. D. Woods & Gordon, Toronto. 


WESTERN VIRGINIA CHAPTER 
The Western Virginia Chapter #81 of AILE was granted a 


Charter between the initial organizing meeting called by N. H. 


Friedman on January 15. 1958. and ecleetion meeting of Febru- 
ary 15. 1958. The following officers and Board members were 


elected: President, N. H. Freedman, Lynchburg, Virginia; Vice 


May—June, 1958 


President, W. E. Carroll, Roanoke. Virginia; Secretary, J. F. 
Lindsey, Blackburg, Virginia; Treasurer, J. H. Crutchfield, 
Roanoke, Virginia; 2 Year Board, J. E. Hillsman, Pearisburg, Vir- 
ginia and R. L. Smith, Blacksburg, Virginia; | Year Board, B. E. 
McCauley, Radford, Virginia and R. Downey, Salem, Virginia. 

Formal presentation of the Charter took place on March 19, 
1958, at the S & W Cafeteria in Roanoke at 7:30 p.m. following the 
dinner hour. J. T. French, Vice President of the Southeastern 
Region, made the Presentation. 

Chapter meetings will normally be held on the second Wednes- 
day of each month and in all probability will be rotated among 
various geographical locations which this Chapter covers. The April 
9 meeting was held at the S & W Cafeteria and featured a talk 
by Profesor R. L. Smith of V.PI. on “Statistical Concepts of 


Organizational Control.” 


Bringing you 
needed design facts and 
technical data on today’s 
engineering materials 


In this handbook you will find almost 2,c0ee 
pages of answers to both routine and 
unusual problems that crop up whenever 
engineering materials are being selected. 
Technical tables, design information, 
structural characteristics, and tabular 
data~a wealth of useful and specific facts 
~are made quickly available. 


Edited by CHARLES L. MANTELL, Consulting Engineer 

Newark College of Engineering. 1906 pp., 648 illus., $21.50 

Each of the 4% sections was prepared by one or more spe- 
cialists. A staff of 150 of these experts cover metals, organic 
materials, and inorganic materials. Emphasis is placed on 
the fabricated forms of materials, their physical and me- 
chanical properties, their adaptations, 
tions, competition with cach other, protection against de- 
terioration, and increase in their stability to withstand use 
and abuse. 

In line with today’s needs, the Handbook covers such 
items as the uncommon metals which are rapidly reaching 
commercial importance and production, and the materials 
of construction of apparatus for control and utilization of 
atomic forces and fission products. 

Order from 
Journal of Industrial Engineering 
A. French Bidg., 225 North Ave., N.W. 
Atlanta 13, Georgia 
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opportunities 


For a more complete coverage, see the following list of job classi- 
fications. Please do not hesitate to forward information on jobs 
in any area where it is recognized that an Industrial Engineering 
background will be of value. 

me To list your job openings with the Opportunities Service, send 


WHAT IT Is all or part of the following information with the name of your 
The I.E. Opportunities service is a functional committee ac- contact man to the address below: Type of industry, location, 

tivity of the AITE. Information concerning employment oppor- job classifications, minimum educational and experience qualifica- 

tunities is collected on a nationwide basis and is provided without tions, and salary range. 

charge to members upon request. The committee is composed of This information will be publicized to the members in con- 

members from the Columbus, Ohio chapter. densed form in the JournNnaL and in monthly chapter Bulletins. 


Company names are not shown. 


MEMBERS SEEKING JOB OPPORTUNITIES 


SERVICES PROVIDED 


Current job openings are published in condensed form in each 


issue. The following list shows job openings available just prior to 
In addition, a monthly I. E. Opportunities Bulletin is supplied press time. If you would like more information about one or more 
to over seventy chapters located throughout the United States. of the positions listed, mail the “P"’ numbers with your name and 
Each job opening is assigned a ‘‘P’’ number for identification. address to the Opportunities Service at the address below. The 
The name and address of the person to contact for additional Service will advise you by return mail of the name and address 
information concerning a specific job opening is sent to members of the person to contact for further information, or advise you if 
on request. the position is no longer available. Your name will not be for- 
warded to the company with the job opening. 
EMPLOYERS For more current listings, contact your local Chapter Secre- 
Employers having openings for qualified Industrial Engineers tary or Opportunities Chairman for the latest monthly Bulletin. 


are invited to list them. Government agencies and educational in- 
stitutions as well as business and industry are urged to take 


ADDRESS OF THE SERVICE 


advantage of this free service. I. FE. Opportrunrries Service 

Industrial Engineers are often employed in such fields as Work American Institute of Industrial Engineers 
Measurement, Production Control, Plant Engineering, Opera- 145 North High Street 
tions Research, Industrial Relations, Sales, and Management. Columbus 15, Ohio 


INDUSTRIAL ENGINEERING OPPORTUNITIES 


Salary Qualifications required 
Position Job classification number 
amen J Industry, location Travel? (Ree key) Renee ia — ee Age range 
req.? exper Som on 
Consult. x Broad 7 Ww 
2 Education Ca 51, 52, 31, 47 Ph. 
6 Warehouse NJ “4 
12 Steel Bidg. Mig. Ind 
Air Forte 11, 14, 42, 31, 38 7.5-9 4 4 
20 Electric, Mig. Mo 
21 Education Mass 
: Education NY 10, 30, 40, 52 610 
26 Education NC MUS 
27 | Education Puerto Rico 37, 53, 31 
29 Garment Mfg. Northeast 37, 31 
31 Paper Mill Wis 11, 45, 80, 70, 32 15 ” 
34 M. Consulting 0 x 30, 40, 53,71 4 27 
39 Education Neb 
41 M. Consulting 0 x 10, 21, 31 57 
42 Hospital! 10 4.87.2 
49 Graphic Arts Ii! 11, 20, 42, 43, 70 5 24 35 
67 Army Ordnance Pa 11, 13, 34, 71, 72, 73 6.2.7.4 2 3 35 AS 
72 Airline iil 70, 42, 43 
75 Army Ord. TT 13. 31. 37, 70 7-9 24 
Mining & Smelt NM 10, 20, 30, 40 60.4 45 
81 Chem. Process 0 38. 50. 11 6.0 os 1” 20 
Textile Co. (ja 37. 42, 38 
86 Public Utility DC 10, 11, 13, 18, 37, 42, 43 2-3 
Foundry Cal 
91 Syn. Fibers & Filme Pa, Va. W Va 10, 20, 42, 43, 72 os 
a3 Foundry 11, 19, 30 
106 Sugar MD. La. Se, Conn 13, 43 1 
108 Consulting Overseas x 10, 20, 60 lw a5 “ 
ll! Chemical Ala 7.5 
113 Chemicals NJ 52 
119 Paper (ja 10, 20, 30, 42, 43, 53 6.0-7.2 
123 Printing NY 49.53 2-4 
125 Chemica! Mich 13, 21, 43, 33 1 5 
137 Coppert Chile, 8 A x 41, 39, 43. 64 0.0 5 ~*~ 
140 Magazine-Editoria! 45 5.07.0 
141 Steam Electric Power Toronto 11.0 13 (PLE. a5 45 


145 Lithography Vt 31 


+ 3 yr contract 
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Salary 


Qualifications required 


Job classification number 
(See key) Range in | Adv. degree 
req.” 
14545 bleetromes Texas 11.13 
Plastics 
Covamet Inepection 47 6.47.5 
Preemon Mach Shop 11. 14, 19, 32, 42 6.07.2 
165 Mechanical (Calif 11. 13, 19, 42, 53 5.58 
14 Paper Mil! I's “1-16 
147 eapons Syste Waah IM ™) Ph.D 
148 Noch 6.07.5 PhD. MOS 
72 Power Shovels ‘ Wiese. Ind 11. 13. 21, 32, 49 
74 Highway [eget Mich 11, 32, 38, 45, 70 §.3-7.1 
177 b-ducation M) +Cieneral Lb MS. of Ph.D. 
Dew LE. Dept. Head M.S. or Ph.D 
181 Hide. 31. 38, 48 
1A Metal. 13, 21, 39, 42, 48 10.0 
Education 10, 47, 54, 81 
Chem. Plastics & (Conn 52. 47, 30. 36 AL. 
Chem. Plastics &A Conn 11, 26, 436 
(i lass 43.81 
b-ducatioon Ni Prof, 1-6.5 VES of PhD 
Agrie, Marketing Ni 10. 42. 43. 53 7.5 
Agric. Marketing Wash. 1M 10. 42, 448, 54 5.3 
me Air boree Base \la 11. 143. 15, 16 4.57.8 
13, 21, 42, 44, SS. 70 45.4 
14 al 11. 41 4. 43. 45. 71 
(‘omeult NJ 1. 20. 31. 42. 54. TO x 12 AS 
Navy I's 13, 44, 42 7.4 
107 Aireralt Wash Lb. 5-10 
108 Paper onvertong Mo 13, 19 6 
fiewt. Agemes bngr. Tramee 566 7 
leetromes $1, 43, 35, 38, 70 7 6 
bi 4. 657.2 
11, 1%, 33, 35, 38 658.0 
bleetromes 1, 7.2-8.6 
Mitel. wY. Pa. ie 14.15. 19, 21 
it ts Nie! orking I's NJ 1 
Arey Oren. Depot NJ 11, 13. 15, 16. 21 608.5 
Textile Milg NC 45, 46. 42, 44. 21. 12.0 
ar ™) Si. AY 15.0 
Nife NV. NJ. bla. Cal, 10 4. wo 18.0 
211 Miach. Mile w 
212 Metal te In. Minn, “1 a o-10.0 
Aireraft & Mod (al 15, 42, 42, 44. 44. 44 7.5 
1S Air bores 10. 41 47, 40, 7.4 
M4. 70-73 
214 boree I's 10.41 47, 49. S2 wo 
217 Aw bore I's 19, 41-47, 4%, a 6 
M70 73, 01 
Aur bores tah 11, 13, 14. 15, 16 7.4 
Agric. Serv nes Aria. Cole. NM 11 ww. 34. 42. 44. 66 45 10.3 
Ltah, Wwe 
Ke Pa. Ma 31. 36. 38. 408, At 8.87.2 
222 37. 51. or 54 
22:3 Navy Shop KRepar 42, 44.48.49 6.4 plus 
| & Kae \la 35. 43. M4 
225 Pomt fies Ind. Ping 11.3 
Silverware 2-13, 21. 42. 
227 Heavy Steel 11, 43. 4. 70 6.58.0 
220 Bakers Nie. Cal 
ow) VMitl at. 40.42. 44.48 
741 Hieave Miel. Working I's 
22. Air (Phin .4-7.4 
244 Air Lone 11. 34. 58-80 
274 MOTT WVa or 
ow l’rintine 31. 32. 23. 34. 37. 38 
to Job Claes fications 
No Job No lob Clase: fiea thom No. Job Classification 
10) ~Motion and Time Studs 46 Replacement 
1! Methods cement | Preaduectoon Contre’ 47 Automation 
Suggestion Systene Process Planning and Routing 45 Plant Maintenance 
i3 Work Measurement and lerf Scheduling and Loading Cap. Budget. Facil. Plan 
Stabs “4 Flow Process (Charting Operations Research 
14 Stop Watch Time Study 45 lnventory Control Sl System & Simulation with 
15 Std. Time Dew. & Apple Coat Anal. & Reduction Models 
14 Predeter. Flemental Tin 17 Statimtical Quality Control S2 Mathematical Analyse 
Stole 48 Hudgetary Control, Standard Engr. Economy Studies 
18 Work Sampling “ Auto. Data Proe. with Com- 
10 Eetimating and (Costing Tool and Gage Design and Con- yiters 
20 Wage layment trol 55S Market Research & Forecasts 
21 Incentive Plans =6Plant bngineering §6Industrial Relation« 
22 For Production Workers 41 Plant Location & Expansion 61 Personnel Administration 
For Non-Prod. Workers 4 Piant Layout 2 Personne! Testing 
24 For Superveory Personnel 4 Material Handling 63 Personne! Traming 
Job Evaluation a4 Machinery & 4 Industrial Peychology 
Wage Adminstration 45 Specif., Select. & Eval. Labor Relations 


Years of range 
eu per. from to 
3 
+5 35 
oO 3 
4-5 A 
15 25 55 
45 
5 
14 Js 
24 
18 
4 15 245 35 
5 45 
2) 
25 
5 a 
4 
5 
1-7 
5- 
5 
23 
55 
4 AS 
55 
oS 
24 
4 
le bo 45 
5+ 35 4 
> 7 
5 
12M 35 
4 245 
o 5 45 


Job Class: heation 
Safety agimeering 
Suggestion Systems 
Systems and Procedures L 
Admin. & Operating Procedures 
Organisation Charts and Man- 
uals 
Records Admin. & Form Control 
Product 
Packaging 
Management and Supervimon 
Industrial Engineering Supr. 
Chief of Equiv 
Plant b.ngineer 
Production Super visor 
Plant Mer.. Fact. Mer... Works 
Mar 
(jeneral Manager 


Entered as 


American Institute of Industrial Engineers, Inc. 
second-class matter 


145 N. High St. 
Columbus 15, Ohio 


Stevens Rice 
University Microfilms 
313 N. First Street 
Ann Arbor, Michigan 


Industrial Engineering is concerned with the design, improvement, and 
- installation of integrated systems of men, materials and equipment; drawing 
upon specialized knowledge and skill in the mathematical, physical, and social 
sciences together with the principles and methods of engineering analysis and 
design, to specify, predict, and evaluate the results to be obtained from such systems. 
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